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DESCRIPTION 



CONVEYANCE SYSTEM 



TECHNICAL FIELD 



[001] 



The present invention relates to a conveyance 



system for conveying a workpiece with a conveyance carriage, 
and more particularly to a conveyance system which is capable 
of increasing or reducing the distance over which a workpiece 
is to be conveyed depending on the layout in a site which 
incorporates the conveyance system. 

BACKGROUND ART 

[002] If a factory has a plurality of processes for 

machining workpieces, machining facilities corresponding to 
the respective processes are often arranged in line. 
Conveyance systems having linear conveyance paths extending 
along the machining facilities are used to transfer workpieces 
between the machining facilities. 

[003] One conveyance system for conveying workpieces 

along a linear path is a conveyor system, for example. 

[004] There has been proposed a technology for forming a 

conveyance path by interconnecting a plurality of conveyors 

(for example, see Japanese Laid-Open Patent Publication No. 
55-66414) . According to the proposed technology, the 
conveyance path is complex in structure as an overlap is 
required between adjacent ones of the conveyors, and it can 
convey workpieces only in one direction. 

[005] Conveyance systems are generally individually set 

up to the layout of machining facilities in factors that are 
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to incorporate those conveyance systems. This is because the 
distance over which workpieces are conveyed by the 
conventional conveyance systems cannot flexibly be changed. 
[006] Therefore, when the layout of machining facilities 

is to be changed, for example, it is necessary to set up a new 
conveyance system or modify the existing conveyance system. 
[007] If workpieces are conveyed by a series array of 

conveyors, then the distance over which the workpieces are to 
be conveyed can freely be selected by increasing or reducing 
the number of conveyors used. However, other devices are 
needed to relay workpieces between the conveyors . The 
relaying devices limit the speed at which the workpieces are 
conveyed, and tend to damage the workpieces being conveyed. 
[008] There has also been proposed a technology for 

conveyance carriages under electromagnetic forces acting 
between linear motors that are successively arranged on a 
conveyance path and magnets mounted on the conveyance 
carriages (for example, see Japanese Patent No. 2536799) . 
[009] People, forklifts, etc. are prevented from moving 

in directions transverse to conveyance systems because the 
conveyance systems present an obstacle to such movement. If 
people, forklifts, etc. are required to move over to the other 
side of a conveyance system, then they go to an end of the 
conveyance system, turn around the end of the conveyance 
system, and go to the desired destination. If the conveyance 
system has a large overall length, then they need to take a 
long detour, and hence the efficiency with which people, 
forklifts, etc. move in the factory is low. To allow people, 
forklifts, etc. to move smoothly, a portion of the conveyance 
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system may be put in a higher position for them to pass 
therebelow. 

[010] For putting a portion of the conveyance system in a 

higher position, a special arrangement is required to transfer 
workpieces between the higher position and other lower 
positions. For example, a vertically conveying elevator 
structure is required to connect those higher and lower 
positions. The vertically conveying elevator structure makes 
the entire system complex and needs an additional auxiliary 
process of transferring workpieces, resulting in a reduction 
in the speed at which the workpieces are conveyed. 

[Oil] One solution is to connect higher and lower 

positions in a workpiece conveyance system with step- free 
gradient paths for continuously conveying workpieces between 
the higher and lower positions. A technology for continuously 
conveying workpieces between higher and lower positions is 
disclosed in Japanese Patent No. 2536799 referred to above, 
for example. 

[012] However, the technology disclosed in Japanese 

Patent No. 2536799 requires special actuators known as linear 
motors, making the conveyance system complicated and 
expensive. Since the linear motors are not in general use, 
parts thereof that are available in distribution are few, 
giving inconvenience to their maintenance. 

[013] In factories, it is general practice for conveyance 

carriages to return in the opposite direction after having 
conveyed workpieces and then to continue to convey workpieces. 
Therefore, two conveyance means are required to convey 
workpieces in the forward and reverse directions. 
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[014] Usually, since those two conveyance means are given 

as individual independent conveyance means, a wide space is 
needed to install the two conveyance means therein. If one 
conveyance means is to convey workpieces bidirectionally in 
the forward and reverse directions, then a complex gear 
structure and a plurality of motors are required. No simple 
bidirectional actuating means have been proposed in the art. 
[015] As shown in FIG. 38, a connecting rod 1 for use in 

internal combustion engines for automobiles or the like is an 
elongate piece having a first end 3 with a smaller through 
hole 2 defined therein, a second end 5 with a larger through 
hole 4 defined therein, and a shank 6 interconnecting the 
first end 3 and the second end 5. A pin for joining the 
connecting rod 1 to a piston is passed through the smaller 
through hole 2 in the first end 3, and a crankshaft is passed 
through the larger through hole 4 in the second end 5. 
Therefore, the crankshaft and the piston are connected to each 
other by the connecting rod 1. 

[016] When the automobile is driven, the crankshaft in 

the internal combustion engine is rotated to displace the 
connecting rod 1, causing the piston to be displaced in the 
cylinder bore. 

[017] The process of manufacturing the connecting rod 1 

which performs the above action includes a compressing process 
for compressing and enlarging the ends thereof and a punching 
process for forming the smaller through hole 2 and the larger 
through hole 4 in the respective enlarged ends. Workpieces 
to be machined are directly placed on a belt conveyor and 
conveyed from a station where the compressing process is 



5 



performed to a station where the punching process is 
performed. 

[018] If a workpiece to be machined is banged directly on 

the belt conveyor, then the workpiece is liable to become 
damaged due to the shock. 

[019] For performing the punching process on a workpiece, 

the workpiece that is placed on the belt conveyor is gripped 
by a transfer device and fed to a punching device. Since the 
workpiece is oriented randomly on the belt conveyor and one 
surface of the workpiece is held in abutment against the belt 
conveyor, the transfer device cannot easily grip the 
workpiece. If the transfer device fails to grip a desired 
portion of the workpiece, then it is difficult for the 
punching device to form the smaller through hole 2 and the 
larger through hole 4 in desired positions. Stated otherwise, 
if workpieces to be machined are conveyed by a belt conveyor, 
then the manufacturing process suffers such a shortcoming that 
the smaller through hole 2 and the larger through hole 4 
cannot be formed with high accuracy. 

[020] According to another approach, a workpiece to be 

machined is placed on a jig, and the jig is erected and moved 
on a belt conveyor to convey the workpiece. However, the jig 
may possibly fall over. 

[021] There has been known no literature disclosing a 

technical idea for conveying an elongate workpiece in an 
upstanding posture along a conveyance line. 

[022] If a conveyance carriage that has moved at a high 

speed is abruptly stopped, then a workpiece on the conveyance 
carriage may be collapsed or damaged due to the shock applied 
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to the conveyance carriage. To avoid those drawbacks, the 
conveyance carriage should desirably be stopped as slowly as 
possible . 

[023] In view of the above demand, there have been 

proposed various speed control mechanisms for controlling the 
speed of conveyance carriages and various stop control 
mechanisms. Documents disclosing speed control mechanisms 
include Japanese Laid-Open Patent Publication No. 56-50860 and 
Japanese Laid-Open Patent Publication No. 9-263238, for 
example, and documents disclosing stop control mechanisms 
include Japanese Patent Publication No. 58-41250, for example. 
These disclosed mechanisms are arranged to decelerate a 
conveyance carriage in order to stop the conveyance carriage 
slowly. 

[024] According to the technology disclosed in Japanese 

Laid-Open Patent Publication No. 9-263238, the conveyance 
carriage starts moving or stops moving with a roller mounted 
on a chain. Therefore, the conveyance carriage moves only in 
a linear direction and cannot change its direction. 
Furthermore, the conveyance carriage cannot be moved a 
distance greater than the distance provided by the chain. 

[025] Specifically, the conventional speed control 

mechanisms or stop control mechanisms for conveyance carriages 
serve to stop conveyance carriages that move within a limited 
range, and are unable to stop conveyance carriages that travel 
in a conveyance assembly which is capable of reversing its 
direction. 

[026] Moreover, since the conveyance carriage cannot 

quickly be set to travel again, it takes a long period of time 
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to convey workpieces, and hence the efficiency with which to 
convey workpieces is low. 

DISCLOSURE OF THE INVENTION 

[027] The present invention has been made in view of the 

above problems. It is a major object of the present invention 
to provide a conveyance system which is capable of changing 
settings for the conveyance distance depending on the layout 
of a site which incorporates the conveyance system, and of 
smoothly conveying a conveyance carriage and a workpiece 
carried by the conveyance carriage. 

[028] Another object of the present invention is to 

provide a conveyance system which allows a conveyance carriage 
to pass continuously between a horizontal conveyance unit and 
a gradient conveyance unit without transferring a workpiece 
therebetween, and which is of a simple structure. 

[029] Still another object of the present invention is to 

provide a conveyance system which is capable of conveying a 
conveyance carriage bidirectionally in forward and reverse 
directions with a single drive source and a simple power 
transmitting mechanism. 

[030] Yet another object of the present invention is to 

provide a conveyance carriage stopping mechanism which can be 
incorporated in a conveyance assembly that is arranged so as 
to be able to change the direction of travel of a conveyance 
carriage, and which is capable of decelerating and stopping a 
conveyance carriage without exerting shocks thereto. 

[031] Yet still another object of the present invention 

is to provide a conveyance carriage which is capable of 
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reliably conveying a variety of types of workpieces without 
causing damage thereto, and which is small in size and simple 
in arrangement . 

[032] A conveyance system according to the present 

invention includes a conveyance carriage assembly for carrying 
a workpiece thereon, and conveyance units to which the 
conveyance carriage assembly is conveyed, wherein the 
conveyance carriage assembly has driven members, the 
conveyance units are separable into units, each of the units 
having a rail for guiding the conveyance carriage assembly, 
and a driver associated with the rail for driving the 
conveyance carriage assembly through the driven members, and 
wherein when the last one of the driven members is separated 
from a movable range of the driver, at least the foremost one 
of the driven members is relayed to the driver of the unit 
adjacent thereto and the conveyance carriage assembly is 
con t inuous ly conveyed . 

[033] With the conveyance units being separable into 

units, the distance over which the conveyance carriage 
assembly is conveyed can be changed depending on the layout of 
a site which incorporates the conveyance system. The driven 
members of the conveyance carriage assembly are reliably 
relayed between drivers. By connecting rails with junctions 
free of steps and gaps, the conveyance carriage assembly and 
the workpiece can smoothly be passed through the junctions. 
Since the units can be separated and connected, the units can 
be managed for assembling and quality control in a factory 
that manufactures those units. Since the units are shipped 
after they have been tested for operability, it is possible to 
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install units at a site within a reduced period of time. 
[034] Each of the units may include two the rails and the 

two drivers associated respectively with two the rails, 
wherein two the rails extend parallel to each other, and the 
two drivers convey the conveyance carriage assembly in 
opposite directions, respectively. With this arrangement, the 
conveyance system can convey the conveyance carriage assembly 
in forward and reverse directions, and is a space saver. 
[035] The units may comprise three units including a 

horizontal conveyance unit for linearly conveying the 
conveyance carriage assembly, a gradient conveyance unit for 
conveying the conveyance carriage assembly on an upward grade 
and/or a downward grade, and a direction changing unit for 
changing a conveyance direction of the conveyance carriage 
assembly, wherein a plurality of types of the units are 
combined with each other. 

[036] The distance over which the conveyance carriage 

assembly is conveyed can be adjusted by increasing or reducing 
the number of horizontal conveyance units. The direction- 
changing unit allows the conveyance carriage assembly to be 
conveyed circulatingly . The gradient conveyance unit allows a 
path for avoiding an obstacle or a transverse path to be set 
up . 

[037] If the driver comprises an annular chain which is 

circulatingly drivable through a sprocket, and the driven 
members comprise driven sprockets held in mesh with the 
annular chain or a presser plate for pressing rollers of the 
annular chain, then the conveyance system can be constructed 
of general -purpose parts. 
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[038] The rail may be in the form of a plate which is 

elongate in a conveyance direction, and the conveyance 
carriage assembly moves laterally of the rail, and carries the 
workpiece on a side of the rail. With this arrangement, a 
workpiece can be transferred from a transverse side of the 
conveyance sy s t em . 

[03 9] The conveyance units may include a plurality of 

horizontal conveyance units for conveying the conveyance 
carriage assembly in a substantially horizontal direction, and 
a gradient conveyance unit interconnecting two of the 
horizontal conveyance units, wherein the gradient conveyance 
unit comprises a gradient conveyance drive sprocket disposed 
closely to an end of the gradient conveyance unit, the 
gradient conveyance drive sprocket being rotatable by the 
driver, a gradient conveyance driven sprocket disposed closely 
to an opposite end of the gradient conveyance unit, the 
gradient conveyance driven sprocket being rotatable, a 
gradient conveyance annular chain held in mesh with the 
gradient conveyance drive sprocket and the gradient conveyance 
driven sprocket, the gradient conveyance annular chain being 
circulatingly drivable, and a gradient guide for supporting, 
from below, an upper portion of the gradient conveyance 
annular chain which imparts drive power to the conveyance 
carriage assembly and a lower portion of the gradient 
conveyance annular chain which is guided in a direction 
opposite to the upper portion, making the gradient conveyance 
annular chain upwardly convex in shape, wherein the conveyance 
carriage assembly has a gradient conveyance driven sprocket 
positioned near a leading end of the conveyance carriage 
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assembly in a conveyance direction and held in mesh with the 
gradient conveyance annular chain, and wherein after the 
conveyance carriage assembly is pushed out from the horizontal 
conveyance unit, the driven sprocket is brought into mesh with 
the gradient conveyance annular chain, and the conveyance 
carriage assembly is conveyed by the gradient conveyance 
annular chain along the shape of the gradient guide. 
[040] With the driven sprocket of the conveyance carriage 

assembly being held in mesh with the gradient conveyance chain 
supported by the gradient guide, the conveyance carriage 
assembly can pass continuously between the horizontal 
conveyance unit and the gradient conveyance unit without 
transferring the workpiece. The conveyance system can be of a 
simple structure. In the gradient conveyance unit, the 
conveyance carriage assembly is conveyed through an upwardly 
convex path along the gradient guide. A spaced defined below 
the gradient conveyance unit allows people, forklifts, etc. to 
pass therethrough. 

[041] The conveyance carriage assembly may comprise at 

least two conveyance carriages interconnected longitudinally 
by a vertically swingable or elastically deformable joint. 
With this arrangement, the number of workpieces that can be 
carried can be increased or reduced depending on the number of 
conveyance carriages. The conveyance carriage assembly can 
smoothly pass between the horizontal conveyance unit and the 
gradient conveyance unit and a region where the angle of 
inclination changes in the gradient conveyance unit. 
[042] Each of the horizontal conveyance units may have a 

horizontal conveyance drive sprocket disposed closely to an 
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end of the horizontal conveyance unit, the horizontal 
conveyance drive sprocket being rotatable by the driver, a 
horizontal conveyance driven sprocket disposed closely to an 
opposite end of the horizontal conveyance unit, the horizontal 
conveyance driven sprocket being rotatable, and a horizontal 
conveyance annular chain held in mesh with the horizontal 
conveyance drive sprocket and the horizontal conveyance driven 
sprocket, the horizontal conveyance annular chain being 
circulatingly drivable and being disposed in a position 
different from the gradient conveyance annular chain in a 
transverse direction of the horizontal conveyance unit, 
wherein the conveyance carriage assembly has a push-out driven 
sprocket positioned closely to a rear end of the conveyance 
carriage assembly, the push-out driven sprocket being 
positioned above the horizontal conveyance annular chain when 
no external force is applied thereto, and wherein as the 
conveyance carriage assembly moves, the driven sprocket is 
lowered into mesh with the horizontal conveyance annular chain 
by a push-out cam plate in the horizontal conveyance unit. 
When the driven sprocket is brought into mesh with the 
horizontal conveyance annular chain, the conveyance carriage 
assembly can be pushed up an upgrade region of the gradient 
conveyance unit against gravity. 

[043] The driven sprocket may be lowered by a force 

bearing member for directly bearing a pressing force from the 
push-out cam plate, and a resilient member compressible in 
interlinked relation to the force bearing member. 

[044] With the driven sprocket being lowered by the 

bearing member and the resilient member, even if the driven 
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sprocket and the horizontal conveyance annular chain are out 
of phase with each other, the teeth of the driven sprocket do 
not unduly press chain rollers of the horizontal conveyance 
annular chain, and they are prevented from being damaged. 
[045] The conveyance carriage assembly may have a 

lowering driven sprocket disposed closely to a rear end of the 
conveyance carriage assembly, the lowering driven sprocket 
being positioned above the gradient conveyance annular chain 
when no external force is applied thereto, wherein as the 
conveyance carriage assembly moves, the driven sprocket is 
lowered into mesh with the gradient conveyance annular chain 
by a lowering cam plate disposed in a downgrade region of the 
gradient conveyance unit . When the conveyance carriage 
assembly descends in the downgrade region of the gradient 
conveyance unit, the lowering sprocket is brought into mesh 
with the gradient conveyance annular chain. Even after the 
driven sprocket is released from the gradient conveyance 
annular chain, the conveyance carriage assembly is prevented 
from fall off due to gravity in the downgrade region of the 
gradient conveyance unit . 

[046] The driven sprocket may be lowered by a force 

bearing member for directly bearing a pressing force from the 
lowering cam plate, and a resilient member compressible in 
interlinked relation to the force bearing member. With the 
lowering sprocket being lowered by the bearing member and the 
resilient member, even if the lowering sprocket and the 
gradient conveyance annular chain are out of phase with each 
other, the teeth of the lowering sprocket do not unduly press 
chain rollers of the gradient conveyance annular chain, and 
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they are prevented from being damaged. 

[047] The push-out sprocket and the lowering sprocket may 

be positioned near the rear end of a single conveyance 
carriage . 

[048] The conveyance system may further comprise a drive 

gear rotatable by a rotational drive source, a first driven 
gear held in mesh with the drive gear, the first driven gear 
being rotatable by rotation transmitted from the drive gear, a 
second driven gear held in mesh with the drive gear, the 
second driven gear being rotatable by rotation transmitted 
from the drive gear in a direction opposite to the first 
driven gear, a first rotational shaft as a rotational shaft of 
the first driven gear, a second rotational shaft as a 
rotational shaft of the second driven gear, a first 
circulative driver for being circulatively drivable in 
response to rotation of the first rotational shaft, and a 
second circulative driver for being circulatively drivable in 
a direction opposite to the first circulative driver in 
response to rotation of the second rotational shaft; wherein 
the conveyance carriage assembly is conveyed by the first 
circulative driver and/or the second circulative driver. 
[049] Since the first driven gear and the second driven 

gear can be rotated in respective opposite directions by the 
drive gear, the first circulative driver and the second 
circulative driver which are driven by the first driven gear 
and the second driven gear can be circulated in respective 
opposite directions for thereby conveying the conveyance 
carriage assembly in both forward and reverse directions. The 
arrangement is simple because the drive source is a single 
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source and only the three gears including the drive gear, the 
first driven gear, and the second drive gears are sufficient. 
[050] Each of the drive gear, the first driven gear, and 

the second driven gear may comprise a bevel gear, and the 
first rotational shaft and the second rotational shaft may be 
coaxial with each other and perpendicular to the axis of the 
drive gear. 

[051] The bevel gears are capable of reliably 

transmitting large drive power. If the first rotational shaft 
and the second rotational shaft are coaxial with each other, 
then the first circulative driver and the second circulative 
driver may be disposed symmetrically. 

[052] The conveyance system may further comprise a first 

inner bearing by which an end of the first rotational shaft is 
rotatably supported, and a second inner bearing by which an 
end of the second rotational shaft is supported, the first 
inner bearing and the second inner bearing being disposed 
between the first driven gear and the second driven gear, and 
a first outer bearing by which an end of the first rotational 
shaft is rotatably supported, and a second outer bearing by 
which an end of the second rotational shaft is supported, the 
first outer bearing and the second outer bearing being 
disposed on sides of the first driven gear and the second 
driven gear which are opposite to confronting faces thereof. 
[053] The first inner bearing and the second inner 

bearing make it possible to effectively utilize a space 
between the first driven gear and the second driven gear. 
Since each of the first rotational shaft and the second 
rotational shaft has its opposite ends rotatably supported by 
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the bearings, they can be rotated stably and smoothly and can 
withstand large loads. 

[054] The first circulative driver may be driven by a 

first drive sprocket mounted on the first rotational shaft, 
the second circulative driver may be driven by a second drive 
sprocket mounted on the second rotational shaft, and the first 
circulative driver and the second circulative driver may 
comprise annular chains, respectively, and are circulatingly 
drivable by rotatable driven sprockets. With this 
arrangement, the conveyance system can be constructed of 
inexpensive and general -purpose parts. 

[055] The conveyance carriage assembly may have a 

retaining mechanism for retaining the workpiece, a retaining 
member operating mechanism for operating a retaining member of 
the retaining mechanism, a resilient member for pressing the 
retaining member in a direction opposite to the direction in 
which the retaining member is operated by the retaining member 
operating mechanism, a main body supporting the retaining 
mechanism and the retaining member operating mechanism, and a 
roller mounted on the main body and engaging the rail, wherein 
the retaining member operating mechanism operates the 
retaining member through operation of a drive mechanism 
disposed closely to the rail, and is displaced while being 
guided along the rail. 

[056] The conveyance carriage assembly is conveyed while 

the workpiece is being retained thereon. Therefore, 
workpieces do not need to be placed on a belt conveyor or the 
like. Since workpieces do not impinge upon a belt conveyor, 
the workpieces are not damaged. 
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[057] The conveyance system thus constructed conveys a 

workpiece which is being carried in a given position. In a 
next station, therefore, since a transfer device can reliably 
grip a predetermined portion of the workpiece, the transfer 
device may operate in the same pattern at all times. Since 
the transfer device does not need to be complex in structure, 
and hence facility investments can be reduced. 

[058] The retaining member operating mechanism for 

operating the retaining mechanism is driven by the drive 
mechanism that is installed on a conveyor line. Therefore, 
the drive mechanism is not required to be mounted on the 
conveyance carriage assembly. The conveyance carriage 
assembly is thus of a simple arrangement. 

[059] The workpiece may be retained under a relatively 

small force which is the resilient force of the resilient 
body. Therefore, the workpiece can easily be released from 
the conveyance carriage assembly, and hence can easily be 
taken from the conveyance carriage assembly. 
[060] The retaining mechanism may comprise a clamp 

mechanism having a clamp operated by the retaining member 
operating mechanism, and a holding mechanism having a set of 
plate members including at least one movable plate, for 
holding a portion of the workpiece which is different from the 
portion thereof which is gripped by the clamp mechanism, with 
the set of plate members, wherein the clamp and the movable 
plate are displaced by the retaining member operating 
mechanism to hold or release the workpiece. 

[061] Such two mechanisms as the retaining mechanism are 

capable of retaining the workpiece more reliably. 
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[062] An engaging member engageable by a hook of a first 

lock mechanism disposed closely to the rail when the retaining 
member operating mechanism operates the retaining member 
through operation of the drive mechanism, may be mounted on 
the main body. Since the conveyance carriage assembly is 
positioned in place by the engaging member, the workpiece can 
reliably be placed in a given position on the conveyance 
carriage assembly. 

[063] The conveyance system may further comprise a pocket 

for supporting an end of the workpiece inserted therein. As 
the end of the workpiece is inserted in the pocket, the 
workpiece is reliably prevented from dropping off the 
conveyance carriage assembly. 

[064] The pocket, the clamp mechanism, and the holding 

mechanism may be mounted on the main body successively 
upwardly in the order named. Even if the workpiece is an 
elongate member, the workpiece can be conveyed in an 
upstanding state. Therefore, the conveyance carriage assembly 
can be reduced in the transverse direction or the longitudinal 
direction thereof, and hence reduced in size. 

[065] An elongate workpiece may comprise, for example, a 

connecting rod for an internal combustion engine. The 
connecting rod includes a workpiece to be machined finally 
into the shape of a connecting rod. 

[066] The conveyance system may further comprise a 

conveyance carriage assembly stopping mechanism for stopping 
the conveyance carriage assembly for carrying and conveying 
the workpiece, the conveyance carriage assembly stopping 
mechanism comprising a stopping engaging member mounted on the 
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conveyance carriage assembly, a first arm and a second arm 
which extend in a conveyance direction of the conveyance 
carriage assembly and have respective shanks having pivotal ly 
supported ends, a displacing mechanism for displacing the 
first arm and the second arm toward and away from each other, 
and an entry path defined between the first arm and the second 
arm for the stopping engaging member to enter, the entry path 
having a narrower portion having a width which is 
progressively smaller in a direction of travel of the stopping 
engaging member, and a wider portion which is wider than the 
narrower portion, wherein the conveyance carriage assembly is 
decelerated when the first arm and the second arm slide 
against the stopping engaging member in the narrower portion, 
and the conveyance carriage assembly which has entered the 
wider portion after the narrower portion is spread by the 
stopping engaging member which presses the first arm and the 
second arm, is stopped by the first arm and the second arm 
which engage the stopping engaging member. 

[067] The stopping engaging member on the conveyance 

carriage assembly spreads the gap between the two arms. Since 
the kinetic energy of the conveyance carriage assembly which 
has traveled is reduced, the conveyance carriage assembly is 
decelerated. The stopping engaging member on the conveyance 
carriage assembly which is decelerated is finally engaged by 
the first arm and the second arm, stopping the conveyance 
carriage assembly. 

[068] Because the conveyance carriage assembly is stopped 

after its kinetic energy is reduced, shocks are prevented from 
being applied to the conveyance carriage assembly. Therefore, 
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the workpiece is prevented from falling off the conveyance 
carriage assembly or from being damaged. 

[069] The conveyance carriage assembly stopping mechanism 

can easily be installed in a conveyance region which has a 
direction- changing unit for changing the direction of travel 
of the conveyance carriage assembly. Consequently, the 
conveyance carriage assembly stopping mechanism that is 
installed does not limit the direction of travel of the 
conveyance carriage assembly. 

[070] When the conveyance carriage assembly is stopped by 

the conveyance carriage assembly stopping mechanism, a 
propelling drive source of the conveyance carriage assembly 
does not need to be stopped. Accordingly, the conveyance 
carriage assembly can quickly be moved again for efficiently 
conveying the workpiece. 

[071] The first arm and the second arm may have a support 

which supports the stopping engaging member. The conveyance 
carriage assembly can thus reliably be stopped. 

[072] The conveyance system may further comprise a second 

lock mechanism for positioning and fixing the conveyance 
carriage assembly which is stopped. When the workpiece is 
transferred to or from the conveyance carriage assembly, since 
the conveyance carriage assembly does not wobble, the 
workpiece can reliably be loaded onto the conveyance carriage 
assembly, and can be prevented from falling off. The second 
lock mechanism may have a stopper engaging member for engaging 
a stopper mounted on the conveyance carriage assembly. 

[073] The stopping engaging member may comprise a 

rotatable cylinder. Since the stopping engaging member is 
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brought into rolling contact with the first arm and the second 
arm while in rotation, the stopping engaging member is less 
subject to wear. The conveyance carriage assembly can 
reliably be decelerated and stopped over a long period of 
time. 

[074] The stopping engaging member may double as a guided 

member which is guided by a direction changing unit which is 
interposed between a first conveyance section for conveying 
the conveyance carriage assembly in one direction and a second 
conveyance section for conveying the conveyance carriage 
assembly in a direction different from the one direction. 
[075] The first conveyance section should preferably be a 

forward path, for example, and the second conveyance section 
should preferably be a return path for guiding the conveyance 
carriage assembly in a direction opposite to the forward path. 
The stopping engaging member may double as a guided member 
which is guided by the direction-changing unit which 
interconnects the forward path and the return path. In this 
case, the conveyance carriage assembly is turned. 
[076] Each of conveyance carriages of the conveyance 

carriage assembly may have two stopping engaging members. 
Since the stopping engaging members can easily pass through 
the direction-changing unit, the conveyance carriage assembly 
is turned in the direction-changing unit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[077] FIG. 1 is a side elevational view, partly omitted 

from illustration, of a conveyance system according to an 
embodiment of the present invention; 
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[078] FIG. 2 is a plan view, partly omitted from 

illustration, of the conveyance system according to the 
embodiment of the present invention; 

[079] FIG. 3 is a sectional side elevational view of a 

junction between a horizontal conveyance unit and a gradient 
conveyance unit, as viewed from the central line of the 
conveyance system; 

[080] FIG. 4 is an exploded perspective view of an end of 

the horizontal conveyance unit; 

[081] FIG. 5 is a sectional plan view of a bearing box, 

driven bevel gears, driven sprockets, and nearby components; 
[082] FIG. 6 is an exploded perspective view of a motor 

unit; 

[083] FIG. 7 is an exploded perspective view, partly 

omitted from illustration, of the end of the horizontal 
conveyance unit; 

[084] FIG. 8 is an exploded perspective view of another 

end of the horizontal conveyance unit which is an opposite to 
the end shown in FIG. 4; 

[085] FIG. 9 is a perspective view, partly omitted from 

illustration, of ends of two horizontal conveyance units, two 
joint plates, and a support post; 

[086] FIG. 10 is a side elevational view of portions of 

horizontal conveyance units and a gradient conveyance unit; 

[087] FIG. 11 is a sectional plan view of joints between 

the horizontal conveyance unit and the gradient conveyance 
unit; 

[088] FIG. 12 is a fragmentary perspective view of a 

direction-changing unit; 
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[089] FIG. 13 is a vertical cross-sectional view of the 

direction-changing unit shown in FIG. 12; 

[090] FIG. 14 is a cross-sectional view taken along line 

XIV - XIV of FIG. 12; 

[091] FIG. 15 is a plan view of the directional changer; 

[092] FIG. 16 is a front elevational view, partly in 

cross section, of a rail, a horizontal upper guide, a 
horizontal lower guide, and a first conveyance carriage; 

[093] FIG. 17 is a side elevational view, . partly in cross 

section, of the first conveyance carriage as viewed from the 
central line of the conveyance system; 

[094] FIG. 18 is a perspective view of the first 

conveyance carriage ; 

[095] FIG. 19 is an exploded perspective view of a drive 

power transmitter of the first conveyance carriage; 

[096] FIG. 20 is a side elevational view, partly in cross 

section, of a second conveyance carriage as viewed from the 
central line of the conveyance system; 

[097] FIG. 21 is a side elevational view, partly in cross 

section, of a fourth conveyance carriage as viewed from the 
central line of the conveyance system; 

[098] FIG. 22 is a perspective view of the fourth 

conveyance carriage ; 

[099] FIG. 23 is an exploded perspective view of a drive 

power transmitter of the fourth conveyance carriage; 
[100] FIG. 24 is a sectional side elevational view of a 

junction between two horizontal conveyance units as viewed 
from the central line of the conveyance system; 
[101] • FIG. 25 is a fragmentary view of a conveyance line 
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for transporting a joint conveyance carriage assembly; 

[102] FIG. 26 is a perspective view of retaining 

mechanisms of the joint conveyance carriage assembly; 

[103] FIG. 27 is a front elevational view of the 

retaining mechanisms of the joint conveyance carriage 
assembly; 

[104] FIG. 28 is an enlarged view, partly cut away, of a 

first conveyance carriage 200, showing a rack-and-pinion 
mechanism of each of the holding mechanisms 

[105] FIG. 29 is an enlarged side elevational view 

showing the manner in which a hook of a lock mechanism engages 
an engaging member; 

[106] FIG. 30 is a front elevational view showing the 

manner in which a clamp mechanism and holding mechanisms in a 
retaining mechanism of the joint conveyance carriage assembly 
are opened; 

[107] FIG. 31 is an enlarged view, partly cut away, 

showing the manner an outer movable plate and an inner movable 
plate are displaced away from each other by the rack-and- 
pinion mechanism shown in FIG. 28; 

[108] FIG. 32 is a cross-sectional view taken along line 

XXXII - XXXII of FIG. 2; 

[109] FIG. 33 is an enlarged view of a portion of the 

conveyance system shown in FIG. 1; 

[110] FIG. 34 is a perspective view of a stopping 

mechanism of the joint conveyance carriage assembly; 

[111] FIG. 35 is a plan view of the stopping mechanism 

shown in FIG. 34; 

[112] FIG. 36 is a plan view showing the manner in which 
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upper rollers of the first conveyance carriage enter an entry 
path; 

[113] FIG. 37 is a plan view showing the manner in which 

a hook portion of the hook abuts against an end face of a 
stopper of the first conveyance carriage; and 

[114] FIG. 38 is a perspective view of a connecting rod. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[115] A conveyance system according to a preferred 

embodiment of the present invention will be described below 
with reference to FIGS. 1 through 37. 

[116] As shown in FIG. 1, a conveyance system 10 

according to the present invention has a joint conveyance 
carriage assembly 12 capable of conveying a workpiece and a 
conveyance assembly 14 for conveying the joint conveyance 
carriage assembly 12, the conveyance assembly 14 providing a 
conveyance path. 

[117] First, the conveyance assembly 14 will be described 

below . 

[118] As shown in FIG. 2, the conveyance assembly 14 has 

a function to convey the joint conveyance carriage assembly 12 
to the right (in the direction indicated by the arrow B) in an 
upper region in FIG. 2 and to deliver the joint conveyance 
carriage assembly 12 to the left (in the direction indicated 
by the arrow A) in a lower region in FIG. 2. The conveyance 
assembly 14 also has a function to change the direction in 
which the joint conveyance carriage assembly 12 is delivered 
at the left and right ends. A plurality of joint conveyance 
carriage assemblies 12 can simultaneously be conveyed. In the 
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description which follows, a section where the joint 
conveyance carriage assembly 12 is conveyed in the direction 
indicated by the arrow A in the lower region in FIG. 2 is 
referred to as a return path, and a section where the joint 
conveyance carriage assembly 12 is conveyed in the direction 
indicated by the arrow B in the upper region in FIG. 2 is 
referred to as a return path. 

[119] In the conveyance assembly 14, a mechanism for 

conveying the joint conveyance carriage assembly 12 in the 
direction indicated by the arrow B and a mechanism for 
conveying the joint conveyance carriage assembly 12 in the 
direction indicated by the arrow A are basically identical to 
each other. Unless otherwise specified, the mechanism for 
conveying the joint conveyance carriage assembly 12 in the 
direction indicated by the arrow B will be described below, 
and the mechanism for conveying the joint conveyance carriage 
assembly 12 in the direction indicated by the arrow A will not 
be described below. In the description which follows, the 
vertical direction in FIG. 2 is a transverse direction, a 
region of the conveyance system 10 closer to a central line C 
thereof is referred to as an inner side, and a region of the 
conveyance system 10 remoter from the central line C thereof 
is referred to as an outer side. 

[120] Referring back to FIG. 1, the conveyance assembly 

14 has a plurality of horizontal conveyance units 16 for 
conveying the joint conveyance carriage assembly 12 
substantially horizontally in the direction indicated by the 
arrow B, a gradient conveyance unit 18 interconnecting the 
horizontal conveyance units 16, a direction changing unit 20 
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for changing the direction in which the joint conveyance 
carriage assembly 12 is conveyed (hereinafter referred to 
simply as "conveyance direction" ) , a plurality of support 
posts 22 supporting the horizontal conveyance units 16, the 
gradient conveyance unit 18, and the direction reversing unit 
(direction changing unit) 20, and a cover 24 covering the 
horizontal conveyance units 16, the gradient conveyance unit 
18, and the direction reversing unit 20 substantially in their 
entirety. The horizontal conveyance units 16 and the gradient 
conveyance unit 18 are connected to each other by a joint 
plate 120 (see FIG. 3) . 

[121] The conveyance assembly 14 also has a stopping 

mechanism 2010 (conveyance carriage stopping mechanism, see 
FIG. 32) for stopping the joint conveyance carriage assembly 
12. A station 26 for transferring a workpiece to and from the 
joint conveyance carriage assembly 12 is disposed in the 
vicinity of the stopping mechanism 2010. The cover 24 has an 
opening defined therein in front of the station 26, and a 
workpiece is transferred between the joint conveyance carriage 
assembly 12 and the station 2 6 through the opening. The 
station 26 is linked to a machine tool (not shown) for 
machining a workpiece. The station 26 transfers an unmachined 
workpiece (or a workpiece to be machined) to the machine tool, 
and install a machined workpiece onto the joint conveyance 
carriage assembly 12 . 

[122] The horizontal conveyance units 16 will be 

described below. 

[123] As shown in FIG. 3, each of the horizontal 

conveyance units 16 has rails 28 for supporting the joint 
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conveyance carriage assembly 12 and guiding the joint 
conveyance carriage assembly 12 in the conveyance direction 
(the direction indicated by the arrow B) , a horizontal 
conveyance annular chain (circulative driver) 30 for conveying 
the joint conveyance carriage assembly 12 in the direction 
indicated by the arrow B, and a motor 3 2 as a drive source for 
driving the annular chain 30. The motor 32 also doubles as a 
drive source for driving a horizontal conveyance annular chain 
(circulative driver) 33 for conveying the joint conveyance 
carriage assembly 12 in the direction indicated by the arrow A 
and a second drive sprocket 37 (see FIG. 7) . The motor 32 and 
motors 164, 165 to be described later incorporate respective 
speed reducers for generating a sufficient torque. 
[124] In FIG. 3, the cover 24 is omitted from 

illustration. FIG. 3 is a side elevational view as viewed 
from the central line C in FIG. 2. FIGS. 9, 10, 17, 20, 21, 
24, and 33 to be described later are also similar views. 
[125] Each of the rails 28 is in the form of an elongate 

plate having a width d (see FIG. 16) and a height h (see FIG. 
17) , and extends the entire length of the horizontal 
conveyance unit 16. The rail 28 has upper and lower surfaces 
lying hor i zontal ly . 

[126] The horizontal conveyance unit 16 has a bevel gear 

mechanism 34 having a drive bevel gear (drive gear) 94 (see 
FIG. 6) coupled to the motor 32, a first drive sprocket 

(horizontal conveyance drive sprocket) 36 for circulatingly 
driving the annular chain 30 in coaction with the drive bevel 
gear 94, and a driven sprocket (horizontal conveyance driven 
sprocket) 3 8 which is driven when the annular chain 3 0 is 
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circulatingly driven. As viewed from the central line C (see 
FIG. 2), the first drive sprocket 36 rotates the annular chain 
30 clockwise. 

[127] The annular chain 30 is disposed slightly inwardly 

of the rail 28, and extends parallel to the rail 28 in the 
transverse direction (see FIG. 11) . 

[128] The motor 32 has a vertical rotational shaft. The 

axis of rotation of the rotational shaft of the motor 32 is 
converted 90° by the bevel gear mechanism 34 into an axis of 
rotation on a vertical plane. Therefore, the first drive 
sprocket 3 6 and the driven sprocket 3 8 rotate on the vertical 
plane. The first drive sprocket 36 and the driven sprocket 38 
are disposed at the same height. 

[129] The horizontal conveyance unit 16 also has a 

horizontal upper guide 40 for supporting, from below, chain 
rollers 30a (see FIG. 11) of an upper stretch of the annular 
chain 3 0 which applies drive power to the joint conveyance 
carriage assembly 12, and a horizontal lower guide 42 for 
supporting, from below, chain rollers 30a of a lower stretch 
of the annular chain 30. The horizontal upper guide 40 and 
the horizontal lower guide 42 are connected to the rail 28 by 
support members 44 (see FIG. 16) . 

[130] The horizontal upper guide 40 supports the annular 

chain 3 0 over substantially the full length between the first 
drive sprocket 3 6 and the driven sprocket 38, and keeps the 
upper stretch of the annular chain 30 horizontal. 

[131] The horizontal lower guide 42 supports the annular 

chain 3 0 over substantially the full length, except a 
predetermined interval near the first drive sprocket 36, 
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between the first drive sprocket 3 6 and the driven sprocket 
38. A tension mechanism 55 comprising three small sprockets 
46, 48, 50, a link 52, and a screw mechanism 54 is disposed 
between the first drive sprocket 36 and the horizontal lower 
guide 42. The tension mechanism is capable of adjusting the 
slack or tension of the annular chain 3 0 by adjusting the 
screw mechanism 54 . 

[132] The chain 33 which is used to convey the joint 

conveyance carriage assembly 12 in the direction indicated by 
the arrow A is symmetrically identical in structure to the 
annular chain 30, and is supported by the horizontal upper 
guide 40 and the horizontal lower guide 42. 
[13 3] The plural horizontal conveyance units 16 are 

basically identical in structure. A cam plate (push-out cam 
plate) 56 is mounted on a portion of the horizontal conveyance 
unit 16 which is connected to the gradient conveyance unit 18, 
the cam plate 56 extending from the end of the horizontal 
conveyance unit 16 in a direction opposite to the conveyance 
direction. The cam plate 56 has a lower surface comprising a 
slanted surface 56a inclined obliquely downwardly along the 
conveyance direction and a parallel surface 56b contiguous to 
the slanted surface 56a and parallel to the rails 28. 
[134] Both ends of the horizontal conveyance unit 16 will 

be described in detail below with reference to FIGS. 4 through 
9. 

[135] At the end of the horizontal conveyance unit 16 

where the first drive sprocket 3 6 and the second drive 
sprocket 37 are disposed, the rails 28 on both sides are 
connected to each other by two intermediate plates 60, 62, as 
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shown in FIGS. 4 and 5. The intermediate plate 60 is of a 
crisscross shape that is convex in the vertical direction and 
the transverse direction, and has opposite sides fastened to 
the rails 28 by bolts 61. The intermediate plate 62 is in the 
form of a flat plate positioned closer to the end of the 
horizontal conveyance unit 16 than the intermediate plate 60. 
The intermediate plate 62 has opposite sides fastened to the 
rails 28 by bolts 61. The intermediate plates 60, 62 have 
lower surfaces interconnected by a cross plate 64 . A bearing 
box 66 is welded to an upper surface of the cross plate 64. 
The bearing box 66 houses therein two bearings by which first 
and second rotational shafts 68, 70 are rotatably supported, 
respectively. The first and second rotational shafts 68, 70 
are disposed coaxially with each other and extend to the left 
and right from the bearing box 66. 

[136] A first driven bevel gear (first driven gear) 72 

and a second driven bevel gear (second driven gear) 74 which 
are disposed in confronting relation to each other across the 
bearing box 66 are mounted respectively on the first and 
second rotational shafts 68, 70. The first driven bevel gear 
72 and the second driven bevel gear 74 are identical in shape 
to each other, and have toothed sides facing inwardly. The 
first drive sprocket 3 6 and the second drive sprocket 3 7 are 
respectively mounted on the first and second rotational shafts 
68, 70 on respective outer portions of the first and second 
driven bevel gears 72, 74. A grease nipple (not shown) is 
disposed on a lower surface of the cross plate 64 in 
communication with the interior of the bearing box 66. The 
first drive sprocket 3 6 and the first driven bevel gear 72 are 
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fixed to the first rotational shaft 68 by a key 75a. 
Similarly, the second drive sprocket 37 and the second driven 
bevel gear 74 are fixed to the second rotational shaft 70 by a 
key 75b. 

[137] The left and right rails 28 have respective holes 

76 defined therein. The first rotational shaft 68 and the 
second rotational shaft 70 have respective ends rotatably 
supported by a gearing (first outer bearing) 78 and a bearing 
(second outer bearing) 79, respectively, which are inserted in 
the respective holes 76. The bearings 78, 79 have outer sides 
fixed to the rails 28 by fixing members 80. The fixing 
members 80 have grooves 80a defined therein for passage of 
stoppers 238, to be described later, therethrough. 
[138] The intermediate plates 60, 62 have respective 

upper surfaces on which a motor unit 82 (see FIG. 6) is 
mounted. In FIG. 4 and FIG. 8 to be described later, the 
annular chains 30, 33, the horizontal upper guide 40, and the 
horizontal lower guide 42 are omitted from illustration. 
[139] The end of the direction reversing unit 20 (see 

FIGS. 1 and 2) is of a structure identical to the structure 
shown in FIG. 4. 

[140] As shown in FIG. 6, the motor unit 82 is a unit, 

including the motor 32, for transmitting rotational drive 
power from the motor 3 2 to the first driven bevel gear 72 and 
the second driven bevel gear 74 . 

[141] The motor unit 82 has a lower connection plate 84 

connected to the upper surfaces of the intermediate plates 60, 
62 (see FIG. 4) . The connection plate 84 supports an upwardly 
extending cylindrical cover 86 disposed centrally thereon. 
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Bearings 88, 90 are mounted respectively on upper and lower 
ends of the cylindrical cover 86. 

[142] An extension shaft 92 is rotatably supported by the 

two bearings 88, 90. The drive bevel gear 94 is mounted on 
the lower end of the extension shaft 92 below the connection 
plate 84. The drive bevel gear 94 has a toothed side facing 
downwardly. 

[143] The upper end of the extension shaft 92 is 

connected to the rotational shaft of the motor 32 by a 
coupling 96. The coupling 96 is covered with a box-shaped 
cover 98 which supports the motor 32 thereon. The upper 
surface of the connection plate 84, the side surface of the 
cylindrical cover 86, and the lower surface of the box- shaped 
cover 98 are reinforced by two reinforcing plates 100. 
[144] The motor 32 and the drive bevel gear 94 are 

connected to each other by the extension shaft 92, so that the 
box-shaped cover 98 and the motor 32 are positioned slightly 
above the upper surfaces of the rails 2 8 so as not to obstruct 
the passage of the joint conveyance carriage assembly 12. 
[145] As shown in FIG. 7, the connection plate 84 is 

fastened to the upper surfaces of the intermediate plates 60, 
62 by bolts 61, holding left and right sides of the drive 
bevel gear 94 in mesh with respective upper portions of the 
first driven bevel gear 72 and the second driven bevel gear 
74 . 

[146] When the motor 32 is energized to rotate the 

extension shaft 92 clockwise as viewed from above, the first 
driven bevel gear 72 is rotated clockwise in FIG. 7, and the 
second driven bevel gear 74 is rotated counterclockwise in 
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FIG. 7. 

[147] The first drive sprocket 36 rotates in unison with 

the first driven bevel gear 72, pulling the upper stretch of 
the annular chain 3 0 and pushing the lower stretch of the 
annular chain 30. The second drive sprocket 37 rotates in 
unison with the second driven bevel gear 74, pulling the lower 
stretch of the annular chain 3 3 and pushing the upper stretch 
of the annular chain 33. 

[148] In this manner, the two annular chains 30, 33 are 

circulatingly driven in the respective opposite directions, 
conveying joint conveyance carriage assemblies 12 in the 
opposite directions. For conveying joint conveyance carriage 
assemblies 12 in the opposite directions, the circulative 
driver driven by the bevel gear mechanism 34 may employ wires 
or belts rather than the annular chains 30, 33. 
[14 9] As shown in FIG. 8, in the end of the horizontal 

conveyance unit 16 where the driven sprockets 3 8 are located, 
the rails 28 on both sides are connected to each other by two 
intermediate plates 102, 104. The intermediate plate 102 has 
a vertical height smaller than the diameter of the driven 
sprockets 38. The intermediate plate 104 is substantially in 
the form of a flat plate having recesses defined in the 
respective left and right ends of the lower surface thereof, 
and is positioned closer to the end of the horizontal 
conveyance unit 16 than the intermediate plate 102 . 
[150] The rails 28 have holes 106 defined therein 

substantially intermediate between the intermediate plates 
102, 104. A support shaft 108 has opposite ends inserted 
respectively in the holes 106. The ends of the support shaft 
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108 have respective steps 110 having slightly smaller 
diameters, and bearings 112 are fitted respectively over the 
steps 110. The driven sprockets 38 are locked on respective 
outer circumferential surfaces of the bearings 112 by 
retaining rings 114. Cylindrical spacers 116 are mounted on 
the steps 110 between the bearings 112 and the rails 28, 
thereby positioning the bearings 112. 

[151] With the above arrangement, the two driven 

sprockets 3 8 are rotatable to guide the annular chains 30, 33, 
respectively. Since the height of the intermediate plate 102 
is smaller than the diameter of the driven sprockets 38, the 
intermediate plate 102 does not interfere with the annular 
chains 30 , 33 . 

[152] As shown in FIG. 9, the two horizontal conveyance 

units 16 (the left horizontal conveyance unit is referred to 
as a horizontal conveyance unit 16a and the right horizontal 
conveyance unit is referred to as a horizontal conveyance unit 
16b) are interconnected by two joint plates 12 0 and a support 
post 22. The support post 22 has a support plate 22a disposed 
on its uppermost end and projecting to the left and right. 
The support plate 22a has an end fastened to the lower surface 
of the intermediate plate 62 of the horizontal conveyance unit 
16a by bolts 61. The other end of the support plate 22a is 
fastened to the lower surface of the intermediate plate 104 of 
the horizontal conveyance unit 16b by bolts 61. 
[153] The rail 28 of the horizontal conveyance unit 16a 

and the rail 28 of the horizontal conveyance unit 16b have 
respective end faces held against each other, and are fastened 
to each other by the joint plates 120 that are applied to the 
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inner surfaces of the rails 28 and bolts 61 threaded in bolt 
holes in the joint plates 120. Some of the bolts 61 may be 
replaced with positioning pins 61a to position the joint 
plates 120 and the rails 28 more accurately with respect to 
each other, thereby accurately joining the rails 28. As a 
result, the junction between the rails 28 provides a 
continuous upper surface free of steps and gaps, allowing the 
joint conveyance carriage assembly 12 to pass smoothly 
thereover. 

[154] As described above, the two horizontal conveyance 

units 16a, 16b are interconnected by the two joint plates 120 
and the support post 22. The horizontal conveyance units 16a, 
16b can be interconnected easily because it is only necessary 
to tighten the bolts 61 and insert the positioning pins 61a to 
connect the horizontal conveyance units 16a, 16b to each 
other. As the motor 32, the annular chains 30, 33, the motor 
unit 82, etc. do not need to be separated, each of the 
horizontal conveyance units 16 can be handled as one unit. 
[155] The gradient conveyance unit 18 will be described 

below. 

[156] As shown in FIGS. 1, 3, and 10, the gradient 

conveyance unit 18 is of a symmetrical upwardly convex shape 
except some portions thereof, and keeps a height large enough 
for people, forklifts, etc. to pass below a central region of 
the gradient conveyance unit 18. 

[157] The gradient conveyance unit 18 has rails 160 for 

supporting the joint conveyance carriage assembly 12 and 
guiding the joint conveyance carriage assembly 12 in the 
conveyance direction, a gradient conveyance annular chain 
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(driver) 162 for conveying the joint conveyance carriage 
assembly 12, and a motor 164 as a drive source for driving the 
annular chain 162. The motor 164 is a drive source dedicated 
for the gradient conveyance annular chain for conveying the 
joint conveyance carriage assembly 12 in the direction 
indicated by the arrow B. The gradient conveyance unit 18 has 
another motor 165 as a drive source for driving a gradient 
conveyance annular chain 163 (see FIG. 11) for conveying the 
joint conveyance carriage assembly 12 in the direction 
indicated by the arrow A. A mechanism for operatively 
coupling the motor 164 and the annular chain 162 to each 
other, and a mechanism for operatively coupling the motor 165 
and the annular chain 163 to each other are similar to the 
bevel gear mechanism 34 shown in FIG. 7, and are devoid of one 
of bevel gears corresponding to the first driven bevel gear 72 
or the second driven bevel gear 74. 

[158] The rails 160 are a width d (see FIG. 16) and a 

height h (see FIG. 17) which are the same as those of the 
rails 28 of the horizontal conveyance units 16. The rails 28 
and the rails 160 are interconnected by joint plates 120 that 
are identical to the joint plates 120 (see FIG. 9) which 
interconnect the horizontal conveyance units 16. 

[159] As shown in FIG. 11, the annular chain 30 and the 

annular chain 162 are positionally different from each other 
in the transverse direction, and the annular chain 162 is 
positioned inwardly of the annular chain 3 0 by a width w. 

[160] Referring back to FIG. 10, the rails 160 have 

gradient inlet sections 160a which are of a relatively small 
arcuate shape having an upward grade toward the center of the 
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rails 160. The gradient inlet sections 160a are connected 
contiguously to the ends of the rails 28 of the horizontal 
conveyance units 16. The rails 160 have central sections 160b 
which are of a relatively large arcuate shape that is upwardly 
convex. The gradient inlet sections 16 0a and the central 
sections 16 0b are connected to each other by constant gradient 
sections 160c having an upward grade of constant gradient. 
The rails 160 are symmetrical in shape, and the central 
sections 160b are connected to constant gradient sections 160d 
having a downward grade of constant gradient. The constant 
gradient sections 160d are connected to gradient inlet 
sections 160e which are of a relatively small arcuate shape. 
The gradient inlet sections 160a, 160e are identical in shape 
to each other, and the constant gradient sections 160c, 160d 
are identical in shape to each other. 

[161] The gradient conveyance unit 18 has a drive bevel 

gear coupled to the motor 164, a drive sprocket (gradient 
conveyance drive sprocket) 170 for circulatingly driving the 
annular chain 162 by the aid of the drive bevel gear, and a 
driven sprocket (gradient conveyance driven sprocket) 172 
which is driven when the annular chain 162 is circulatingly 
driven. As viewed from the central line C (see FIG. 2) , the 
drive sprocket 170 rotates the annular chain 162 clockwise to 
convey the joint conveyance carriage assembly 12 in the 
direction indicated by the arrow B. The drive sprocket 170 is 
disposed in the vicinity of a junction between the gradient 
inlet section 160e and the constant gradient section 160d. 
The driven sprocket 172 is disposed in the vicinity of a 
junction between the gradient inlet section 160a and the 



39 



constant gradient section 160c. 

[162] The motor 164 has a rotational shaft extending 

perpendicularly to the conveyance direction. The axis of 
rotation of the rotational shaft of the motor 164 is converted 
90° into an axis of rotation on a vertical plane. Therefore, 
the drive sprocket 170 and the driven sprocket 172 rotate on 
the vertical plane. 

[163] The gradient conveyance unit 18 also has a gradient 

upper guide (gradient guide) 174 for supporting, from below, 
chain rollers 162a (see FIG. 11) of an upper stretch of the 
annular chain 162, and a gradient lower guide (gradient guide) 
176 for supporting, from below, chain rollers 162a of a lower 
stretch of the annular chain 162 . 

[164] The gradient upper guide 174 and the gradient lower 

guide 176 are of a shape substantially along the respective 
upper and lower surfaces of the rails 160. The annular chain 
162 is guided to move circulatingly in an upwardly convex 
pattern by the gradient upper guide 174 and the gradient lower 
guide 176. 

[165] The driven sprocket 172 has a push-out portion 172a 

for pushing the annular chain 162. The push-out portion 172a 
is positioned slightly below the upper surfaces of the rails 
160 such that a lateral-tooth sprocket 246 (to be described 
later) which enters substantially along the upper surfaces of 
the rails 160 is smoothly introduced. 

[166] The driven sprocket 172 has its axis positionally 

adjustable by a tension mechanism 178 to adjust the slack or 
tension of the annular chain 162. 

[167] A cam plate (lowering cam plate) 180 is disposed in 



40 



a downgrade region of the gradient conveyance unit 18. The 
cam plate 180 extends along the conveyance direction. The cam 
plate 180 has a lower surface comprising a slanted surface 
180a inclined obliquely downwardly along the conveyance 
direction and a parallel surface 180b contiguous to the 
slanted surface 180a and parallel to the rails 160. A cam 
plate 181 shown in FIGS. 1 and 10 is identical in shape to the 
cam plate 18 0, and is used to convey the joint conveyance 
carriage assembly 12 in the direction indicated by the arrow 
A. 

[168] The horizontal conveyance unit 16 and the gradient 

conveyance unit 18 are connected to each other in the same 
manner as the horizontal conveyance units 16 are connected to 
each other (see FIG. 9) . Specifically, the rails 28 of 
horizontal conveyance unit 16 and the rails 16 0 of the 
gradient conveyance unit 18 are connected to each other by 
joint plates 12 0 (see FIG. 3) , and supported by a support post 
22 fixed thereto from below. 

[16 9] The horizontal conveyance unit 16 and the direction 

reversing unit 20 (see FIGS. 1 and 2), and the direction 
reversing unit 20 and the gradient conveyance unit 18 are also 
connected to each other in the same manner as the horizontal 
conveyance units 16 are connected to each other. 

[170] The direction reversing unit 20 will be described 

below. 

[171] As shown in FIGS. 12 and 13, the direction 

reversing unit 20 has a rotational shaft 370, and first and 
second disks 374, 376 coupled to the rotational shaft 370 
respectively by screws 372a, 372b, the first and second disks 
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374, 376 being rotatable upon rotation of the rotational shaft 
370. 0-rings 378 (see FIG. 13) are mounted on respective 
circumferential side walls of the first and second disks 374, 
376. 

[172] The direction reversing unit 20 also has a forward- 

path chain 330 and a return-path chain 332 which are 
circulatively driven by a motor 32b shown in FIG. 1 as with 
the annular chains 30, 3 3 of the horizontal conveyance unit 
16. The joint conveyance carriage assembly 12 is conveyed to 
shift from the chain 33 to the forward-path chain 330, and 
enters the direction reversing unit 20. After having been 
reversed in direction by the direction reversing unit 20, the 
joint conveyance carriage assembly 12 is conveyed to shift 
from the return-path chain 332 to the annular chain 30. 
[173] The direction reversing unit 20 has an auxiliary 

propelling mechanism 390 for conveying the joint conveyance 
carriage assembly 12 from the horizontal conveyance unit 16 to 
the first and second disks 374, 376 or from the first and 
second disks 374, 376 to the horizontal conveyance unit 16. 
[174] The auxiliary propelling mechanism 390 has a 

reversing-unit first driven sprocket 3 92 around which the 
forward-path chain 330 is trained, a reversing-unit second 
driven sprocket 394 around which the return-path chain 332 is 
trained, a small sprocket 396 rotatable in ganged relation to 
the reversing-unit first driven sprocket 3 92 and the 
reversing-unit second driven sprocket 3 94, a large sprocket 
398 fitted over the rotational shaft 370, and a chain 400 
trained around the small sprocket 3 96 and the large sprocket 
398. The chain 400 can be adjusted in tension by a gear 418 
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serving as a tensioner. 

[175] As shown in FIG. 13, the direction reversing unit 

2 0 and the auxiliary propelling mechanism 3 90 are mounted on a 
mount base 402 disposed on a support post 22. The small 
sprocket 396 is mounted on a vertically extending rotational 
shaft 404 that is rotatably supported on the mount base 402. 
[176] As shown in FIGS. 12 and 14, a reversing-unit main 

bevel gear 406 is fitted over an end of the rotational shaft 
404. The reversing-unit main bevel gear 406 is held in mesh 
with a reversing-unit driven bevel gear 408. 
[177] The reversing-unit driven bevel gear 408 has a 

through hole defined therein, and a shaft 410 extends through 
the through hole and has an end projecting therefrom. The 
reversing-unit second driven sprocket 394 is fitted over the 
projecting end of the shaft 410. The reversing-unit first 
driven sprocket 392 is fitted over the other end of the shaft 
410. When the motor 32b is energized to rotate a drive 
sprocket 3 6b (see FIG. 1) of the direction reversing unit 20, 
the forward-path chain 330 (see FIGS. 12 and 14) is 
circulatingly driven, rotating the reversing-unit first driven 
sprocket 392. The reversing-unit main bevel gear 406 and the 
reversing-unit driven bevel gear 408 are rotated, finally 
rotating the reversing-unit second driven sprocket 394, the 
rotational shaft 404, and the small sprocket 396. 
[178] The large sprocket 398 fitted over the rotational 

shaft 370 is rotated, rotating the first and second disks 374, 
376. 

[179] Though the auxiliary propelling mechanism 390 is 

shown as being exposed in FIG. 12, the auxiliary propelling 
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mechanism 390 is actually surrounded by the cover 24. 
[180] As shown in FIGS. 12 and 15, a first guide member 

412 for sandwiching and supporting upper rollers 232 in 
coaction with the first disk 374 is disposed around the first 
disk 374. The first guide member 412 has a curved portion 
spaced from the circumferential side wall of the first disk 
3 74 by a gap large enough for the upper rollers 232 to enter, 
and surrounding the circumferential side wall of the first 
disk 374. The first guide member 412 has elongate straight 
portions, and a forward-path second guide member 414 and a 
return-path third guide member 416 are disposed inwardly of 
those elongate straight portions. The first through third 
guide members. 412, 414, 416 are supported on the mount base 
402 (see FIGS. 13 and 14). 

[181] A structure which is the same as the above 

structure is disposed around the second disk 376. Therefore, 
identical parts are denoted by identical reference characters 
and will not be described below. 

[182] The joint conveyance carriage assembly 12 will be 

described below. 

[183] As shown in FIG. 1, the joint conveyance carriage 

assembly 12 comprises four conveyance carriages arranged 
successively in the conveyance direction, i.e., a first 
conveyance carriage 200, a second conveyance carriage 2 02, a 
third conveyance carriage 2 04, and a fourth conveyance 
carriage 206, and three joint bars (joints) 208 
interconnecting the first through fourth conveyance carriages 
200, 202, 204, 206. Since the joint conveyance carriage 
assembly 12 comprises a plurality of conveyance carriages, the 
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number of workpieces loaded on the joint conveyance carriage 
assembly 12 can be increased depending on the number of 
conveyance carriages. The number of conveyance carriages may 
be increased or reduced depending on the number of loaded 
workpieces . 

[184] As shown in FIGS. 16 through 18, the first 

conveyance carriage 200 has a base plate 210 as a basic 
component, a mounting/ removing mechanism 214 disposed on an 
outer side of the base plate 210 for mounting and removing a 
workpiece such as a connecting rod 1, two upper rollers 216 
for rolling in the conveyance direction while in abutment 
against the upper surface of the rail 28 (or the rail 160) , 
and two lower rollers 218 disposed vertically downwardly (when 
conveyed horizontally) of the respective upper rollers 216, 
for rolling in the conveyance direction while in abutment 
against the lower surface of the rail 2 8 (or the rail 160) . A 
basic arrangement of the first conveyance carriage 200 will 
first be described below. The mounting/ removing mechanism 214 
will be described later. 

[185] The first conveyance carriage 200 has a main body 

1056 made up of an under plate 1052 and an upper plate 1054 
that are joined to the base plate 210. The base plate 210 has 
a main portion 1058, and a lower horizontal portion 1060 and 
an upper horizontal portion 1062 which are bent substantially 
perpendicularly from the main portion 1058 . 

[186] The under plate 1052 has a lower tongue 1064 

hanging vertically downwardly, a horizontal portion 1066 bent 
perpendicularly to the lower tongue 1064 and extending toward 
the main portion, and an upper tongue 1068 rising 
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perpendicularly from the horizontal portion 1066. The upper 
plate 1054 has a bottom portion 1070, and a rear vertical end 
portion 1072 and a front vertical end portion 1073 which rise 
vertically from the bottom portion 1070. The upper tongue 
1068 of the under plate 1052 and the rear vertical end portion 
1072 of the upper plate 1054 are joined to an end face of the 
main portion 1058 of the base plate 210. 

[187] The two upper rollers 216 are rotatably supported 

respectively on a front shaft 220 and a rear shaft 222 (see 
FIG. 19) which extend inwardly from a relatively upper portion 
of the base plate 210. The two lower rollers 218 are 
rotatably supported respectively on two lower shafts 224 which 
extend inwardly from a relatively lower portion of the base 
plate 210. 

[188] The first conveyance carriage 200 has a drive power 

transmitter 226 for receiving drive power from the annular 
chain 3 0 and the annular chain 162, a shock damper 22 8 
disposed on a foremost portion of the first conveyance 
carriage 200, and a joint 23 0 disposed on a rear end of the 
first conveyance carriage 200 and connected to the joint bar 
208 . 

[189] The drive power transmitter 226, together with the 

upper rollers 216, is supported on the front shaft 220 and the 
rear shaft 222. The joint 230 is a ball joint (or a universal 
joint or the like) which allows the joint bar 208 to swing in 
any of horizontal and vertical directions. The joint 23 0 may 
be made of an elastic material that is elastically deformable 
in any of horizontal and vertical directions. The joint 230 
allows the first through fourth conveyance carriages 200, 202, 
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204, 206 to be tilted vertically in the gradient conveyance 
unit 18 and also to be turned in a horizontal plane of the 
direction reversing unit 20. 

[190] The first conveyance carriage 200 also has two 

upper rollers 232 for use in a braking action in the station 
26 and a direction reversing action in the direction reversing 
unit 20. Two lower rollers 234 are disposed vertically 
downwardly of the upper rollers 232, respectively, for use in 
a direction reversing action in the direction reversing unit 
20. A stopper 238 (see FIG. 34) used by the stopping 
mechanism 2010 of the station 26 is disposed on the inner 
surface of the base plate 210. 

[191] As shown in FIG. 19, the drive power transmitter 

226 has a frame 24 0 comprising two parallel horizontally 
elongate plates 240a, 204b and an upper face plate 240c 
interconnecting the horizontally elongate plates 240a, 204b, a 
chain presser plate (driven member) 242 fitted from below in 
the gap between the horizontally elongate plates 240a, 204b, 
two springs 244 for lowering the chain presser plate 242 with 
respect to the frame 240, and a lateral-tooth sprocket (driven 
sprocket) 246 held in contact with an inner surface (facing 
the viewer of FIG. 19) of the frame 240. 

[192] The chain presser plate 242 has a lower surface 

having arcuate front and rear sides smoothly blending into 
respective front and rear faces thereof. The chain presser 
plate 242 also has two U-shaped grooves 242a defined in the 
upper surface thereof and extending transversely across the 
chain presser plate 242. The front shaft 220 and the rear 
shaft 222 on the base plate 210 are fitted respectively in the 
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two U-shaped grooves 242a. The chain presser plate 242 also 
has two bottomed holes 242b defined in its upper surface 
between the two U-shaped grooves 242a. The two holes 242b 
have respective diameters slightly larger than the diameters 
of the springs 244. The two holes 242b have respective depths 
smaller than the lengths of the springs 244 in their free 
state (the lengths thereof when no external forces are 
applied) . The chain presser plate 242 has a vertically 
elongate hole 242c defined substantially centrally in side 
surfaces thereof and extending transversely across the chain 
presser plate 242. The width of the chain presser plate 242 
is slightly smaller than the width d (see FIG. 16) of the 
chain rollers 30a of the annular chain 30. 

[193] The two elongate plates 240a, 204b of the frame 240 

have holes 240d in which the front shaft 220 is fitted and 
holes 240e in which the rear shaft 222 is fitted. The two 
elongate plates 240a, 204b also have small holes 240f defined 
substantially centrally therein for fixing a retaining pin 248 
therein. The retaining pin 248 is fitted in the two small 
holes 240f and the elongate hole 242c in the chain presser 
plate 242 disposed between the two small holes 240f . The 
chain presser plate 242 is vertically movable depending on a 
vertical dimensional difference between the elongate hole 242c 
and the retaining pin 248. 

[194] Of the two elongate plates 240a, 204b, the inner 

elongate plate 240a (facing the viewer of FIG. 19) has a small 
hole 24 Og defined in a side surface thereof between the small 
hole 240f and the hole 240d for a fixing pin 250 to be fitted 
therein. 
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[195] The lateral-tooth sprocket 246 has a hole 246a 

defined in a slightly front side surface thereof for the front 
shaft 220 to be fitted therein, and a small hole 246b defined 
in a slightly rear side surface thereof for the fixing pin 250 
to be fitted therein. 

[196] For assembling the drive power transmitter 226, the 

springs 244 are inserted into the respective two holes 242b in 
the chain presser plate 242. Then, the chain presser plate 
242 is fitted into the frame 240 to bring the small holes 240f 
and the elongate hole 242c into positional alignment with each 
other. At this time, since the upper surfaces of the springs 
244 are held against the lower surface of the upper face plate 
240c of the frame 240, the chain presser plate 242 is fitted 
into the frame 240 while compressing the springs 244. After 
the chain presser plate 242 is fitted in the frame 240, the 
retaining pin 248 is inserted into the small holes 240f and 
the elongate hole 242c while keeping the springs 244 
compressed. The retaining pin 248 is pressed-f itted and fixed 
in the small holes 240f. When the force applied to fit the 
chain presser plate 242 in the frame 240 is removed, the chain 
presser plate 242 is lowered with respect to the frame 240 
under the resiliency of the springs 244, and displaced 
depending on the vertical dimensional difference between the 
elongate hole 242c and the retaining pin 248. At this time, 
the holes 240d, 240e and the U-shaped grooves 242a are 
positionally aligned with each other. 

[197] Then, after the upper rollers 216 and spacers 252 

are fitted over the front shaft 220 and the rear shaft 222, 
the holes 240d, 240e in the frame 240 and the U-shaped grooves 
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242a in the chain presser plate 242 are fitted over the front 
shaft 220 and the rear shaft 222. The hole 246a of the 
lateral-tooth sprocket is fitted over the front shaft 220. 
The fixing pin 250 is press-fitted into the small hole 246b in 
the lateral-tooth sprocket 246 and the small hole 240g in the 
elongate plate 240a which are aligned with each other. 
[198] Then, two bolts 254 are threaded respectively into 

threaded holes 220a, 222a that are defined in the respective 
distal ends of the front shaft 220 and the rear shaft 222. 
[199] The drive power transmitter 226 is assembled in the 

manner described above, and fixedly mounted on the front shaft 
22 0 and the rear shaft 222 that extend from the base plate 
210. The center-to-center distance between the lateral-tool 
sprocket 246 and the chain presser plate 242 of the drive 
power transmitter 226 is set to a width w, which is the same 
as the width w (see FIGS. 11 and 18) by which the annular 
chain 3 0 and the annular chain 162 are transversely spaced 
from each other. 

[200] When the joint conveyance carriage assembly 12 is 

installed on the horizontal conveyance unit 16, the lower 
surface of the chain presser plate 242 of the drive power 
transmitter 226 is held in abutment against the chain rollers 
30a of the annular chain 30. The springs 244 are slightly 
compressed, and the chain presser plate 242 and the horizontal 
upper guide 4 0 sandwich the chain rollers 3 0a of the annular 
chain 30. When the annular chain 30 is circulatingly driven, 
the chain rollers 30a roll on the upper surface of the 
horizontal upper guide 40. The chain presser plate 242 move 
on the principles of a roller under the force applied from the 
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upper surfaces of the chain rollers 3 0a. The joint conveyance 
carriage assembly 12 is conveyed in the manner described 
above. On the upper surface of the horizontal upper guide 40, 
the speed of the annular chain 3 0 corresponds to the radius of 
the chain rollers 3 0a, and the speed of the chain presser 
plate 242 corresponds to the diameter of the chain rollers 
30a. Based on the ratio of the radius and the diameter, the 
speed of the chain presser plate 242, i.e., the speed of the 
joint conveyance carriage assembly 12, is twice the speed of 
the annular chain 30. 

[2 01] In the gradient conveyance unit 18, since the 

lateral -tool sprocket 246 and the annular chain 162 mesh with 
each other, the joint conveyance carriage assembly 12 is 
conveyed by the annular chain 162. 

[202] In both the horizontal conveyance unit 16 and the 

gradient conveyance unit 18, as the rails 28 (or the rails 
160) are sandwiched by the upper rollers 216 and the lower 
rollers 218, the joint conveyance carriage assembly 12 is 
reliably held by the rails 28 (or the rails 160) . 

[203] As shown in FIG. 20, the second conveyance carriage 

2 02 and the third conveyance carriage 2 04 are essentially 
identical in structure to the first conveyance carriage 200, 
but differs therefrom in that the second conveyance carriage 
2 02 and the third conveyance carriage 2 04 are devoid of the 
shock damper 228, the lateral- tooth sprocket 246, and the 
stopper 238. Joints 230, rather than the shock damper 228, 
are mounted on the front ends of the second conveyance 
carriage 202 and the third conveyance carriage 204. The 
joints 230 are the same as the joints 230 on the rear ends of 



51 



the second conveyance carriage 2 02 and the third conveyance 
carriage 204, and are connected to the joint bars 208. Those 
structural parts of the second conveyance carriage 2 02 and the 
third conveyance carriage 204 which are identical to those of 
the first conveyance carriage 200 are denoted by identical 
reference characters, and will not be described in detail 
below. 

[204] As shown in FIGS. 21 and 22, the fourth conveyance 

carriage 206 is essentially identical in structure to the 
first conveyance carriage 200. However, the fourth conveyance 
carriage 206 differs from the first conveyance carriage 200 in 
that the shock damper 228 is mounted on the rear end, the 
joint 230 is disposed on the front end, a drive power 
transmitter 256 is employed instead of the drive power 
transmitter 226, and the stopper 238 is dispensed with. Those 
structural parts of the fourth conveyance carriage 2 06 which 
are identical to those of the first conveyance carriage 200 
are denoted by identical reference characters, and will not be 
described in detail below. 

[205] The drive power transmitter 226 of the fourth 

conveyance carriage 206 will be described below. 

[206] As shown in FIG. 23, the drive power transmitter 

226 has a horizontally elongate plate 258 including a slightly 
thick front portion, a swing plate 260 disposed inwardly of 
the horizontally elongate plate 258 (toward the viewer of FIG. 
23) and rotatably supported on the front shaft 22 0, a spring 
262 for pressing the swing plate 260 upwardly with respect to 
the horizontally elongate plate 258, a shaft 264 fitted in a 
hole 260a defined in a rear portion of the swing plate 260, a 



52 



small frame 266 rotatably supported, together with the swing 
plate 260, on the shaft 264, two springs (resilient members) 
268 for pressing the small frame 266 with respect to the swing 
plate 260, and a roller (force bearing member) 270 for being 
pressed downwardly by the cam plate 56 or 180 (see FIG. 1) . 
[207] The horizontally elongate plate 258 has a hole 258a 

defined therein with the front shaft 220 being fitted therein, 
and a hole 258b defined therein with a rear shaft 223 on the 
base plate 210 being fitted therein. The rear shaft 223 is 
disposed in a position corresponding to the rear shaft 222 
(see FIG. 19) of the first conveyance carriage 2 00, and is 
shorter than the rear shaft 222. The hole 258b has an inner 
portion having a slightly larger diameter and an outer portion 
having a slightly smaller diameter, with a radial step 
therebetween. The horizontally elongate plate 258 has a 
bottomed hole 258c defined substantially centrally in an upper 
surface thereof. The hole 258c has a diameter slightly larger 
than the diameter of the spring 2 62 and a depth smaller than 
the length of the spring 262 in its free state. 
[208] The swing plate 260 has a hole 260b defined in a 

relatively front portion thereof with the front shaft 22 0 
being fitted therein, and a hole 260a defined in a relatively 
rear portion thereof with the shaft 264 being fitted therein. 
The swing plate 260 also has a recess 260c defined in a lower 
surface thereof slightly forward of the hole 260a, the recess 
260c extending transversely across the swing plate 260. Two 
holes 260d each having a ceiling surface are defined in a 
lower surface of the recess 260c. Springs 268 are inserted 
respectively in the two holes 260d. The two holes 260d have 
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respective diameters slightly larger than the diameters of the 
springs 268 and respective depths smaller than the lengths of 
the springs 268 in their free state. A small plate 274 
extending in the direction of the horizontally elongate plate 
258 is mounted substantially centrally on an upper surface of 
the swing plate 260 by two screws 275. 

[209] The small frame 266 has two side plates 266a having 

upwardly elongate front portions forward of the center thereof 
in the full lengths thereof, a bottom plate 266b joining 
substantially front half portions of the two side plates 266a 
on their lower edges, a lateral- tooth sprocket (driven 
sprocket) 266c disposed on an inner side (facing the viewer of 
FIG. 23) of the lower surface of the bottom plate 266b, and a 
lateral-tooth sprocket (driven sprocket) 266d disposed on an 
outer side of the lower surface of the bottom plate 266b. The 
two side plates 266a lie parallel to each other. The lateral- 
tooth sprockets 266c, 266d lie parallel to each other. The 
center-to-center distance between the lateral-tool sprocket 
266c and the lateral-tool sprocket 266d is set to a width w, 
which is the same as the width w (see FIG. 11) by which the 
annular chain 3 0 and the annular chain 162 are transversely 
spaced from each other. The lateral -tool sprocket 266d is of 
a shape for mesh with the annular chain 30, and the lateral - 
tool sprocket 266c is of a shape for mesh with the annular 
chain 162. 

[210] Each of the two side plates 266a has two small 

holes 266e defined in the upwardly elongate front portion 
thereof forward of the center of the side plate 266a, with two 
fixing pins 276 being press-fitted in the small holes 266e. 
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The fixing pins 276 are press-fitted in the small holes 266e 
while the swing plate 260 and the small frame 266 are being 
combined with each other, and extend over the upper surface of 
the swing plate 260 to join the two side plates 266a to each 
other . 

[211] For assembling the drive power transmitter 256, the 

upper rollers 216 and spacers 277 are fitted over the front 
shaft 220 and the rear shaft 223, after which the holes 258a, 
258b in the horizontally elongate plate 258 are fitted over 
the front shaft 220 and the rear shaft 223. A bolt 278 is 
threaded into a threaded hole 223a defined in the distal end 
of the rear shaft 223 and fixed in place. The bolt 278 has a 
head housed in the portion having the relatively large 
diameter of the hole 258b, and hence the head of the bolt 278 
does not protrude from a side surface of the horizontally 
elongate plate 258. The bolt 278 may comprise a bolt with a 
hexagon socket head. 

[212] Then, after the springs 268 are inserted 

respectively into the two holes 260d in the swing plate 260, 
the bottom plate 266b of the small frame 266 is fitted in the 
recess 260c. At this time, since the lower surfaces of the 
springs 2 68 are held against the upper surface of the bottom 
plate 266b of the small frame 266, the small frame 266 is 
fitted over the swing plate 260 while compressing the springs 
268. After the small frame 266 is fitted over the swing plate 
260, the fixing pins 276 are inserted and pressed into the 
small holes 266e while keeping the springs 268 compressed. 
The fixing pins 276 extend over the upper surface of the swing 
plate 260 and join the two side plates 266a. 
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[213] While the springs 268 are being compressed, the 

hole 260a in the swing plate 260 and the holes 266f in the 
small frame 266 are aligned with each other, and the shaft 264 
is fitted into the aligned holes 260a, 266f . At this time, 
the roller 270 has been fitted over the shaft 264 and disposed 
inwardly of the small frame 266. 

[214] When the force applied to fit the small frame 266 

over the swing plate 260 is removed, the small frame 266 is 
lowered with respect to the swing plate 260 under the 
resiliency of the springs 268, and is angularly moved about 
the shaft 264 to a position wherein the fixing pins 276 abut 
against the upper surface of the swing plate 260. 

[215] Then, the small plate 274 is fastened to the upper 

surface of the swing plate 260 by the screws 275, and the 
spring 262 is inserted into the hole 258c in the horizontally 
elongate plate 258, after which the front shaft 220 is 
inserted into the hole 260b in the swing plate 260. Because 
the lower surface of the small plate 274 is resiliently 
supported by the spring 262, the horizontally elongate plate 
258 and the swing plate 260 lie out of parallel to each other, 
and the swing plate 260 is slightly inclined upwardly toward 
the rear end thereof . 

[216] Then, a bolt 280 is threaded into the threaded hole 

220a defined in the distal end of the front shaft 22 0 and 
fixed in position. 

[217] The drive power transmitter 256 is assembled in the 

manner described above, and fixedly mounted on the front shaft 
220 and the rear shaft 222 that extend from the base plate 
210. 
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[218] With the joint conveyance carriage assembly 12 

being mounted on the conveyance assembly 14, when the joint 
conveyance carriage assembly 12 is conveyed horizontally, the 
joint conveyance carriage assembly 12 does not contact the 
annular chain 3 0 and hence does not receive drive power 
therefrom. That is, as described later, if the roller 270 is 
not pressed by the cam plate 56 or 180, the fourth conveyance 
carriage 206 having the drive power transmitter 256 is not 
propelled by itself, but is pulled by the third conveyance 
carriage 2 04 through the joint bar 2 08. 

[219] The mounting/ removing mechanism 214 of the first 

through fourth conveyance carriages 200, 202, 204, 206 will be 
described below with reference to FIGS. 16 and 25 through 31. 

[220] In FIG. 25, air cylinders 1024, 1024 are disposed 

between support posts 1022 in the station 26. Each of the air 
cylinders 1024 is actuated when a workpiece to be machined is 
loaded on the joint conveyance carriage assembly 12. 

[221] As shown in FIG. 16, the air cylinder 1024 has a 

rod 1026 including a larger-diameter portion 1028 on its upper 
end. The larger-diameter portion 1028 has a slanted surface 
1030 which is inclined diametrically inwardly thereof in the 
downward direction. The air cylinder 1024 has a cylinder tube 
1032 with a protrusion 1034 projecting from an upper end 
surface thereof. 

[222] The air cylinder 1024 is combined with a first lock 

mechanism 1036. The first lock mechanism 1036 has a hook 1038 
having a projecting upper end, and a bearing roller 104 0 for 
rolling movement along the slanted surface 103 0 of the larger- 
diameter portion 1028 of the rod 1026. 
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[223] The hook 1038 has a through hole therein, which a 

bolt 1042 is inserted therethrough. The bolt 1042 is threaded 
into a threaded hole in the protrusion 1034. The bolt 1042 
has a shank extending through a spring 1044 having an end 
seated on the hook 1038 and the other end abutting against the 
lower end face of the head of the bolt 1042. 

[224] The bearing roller 104 0 is rotatably supported on a 

support member 1046 mounted on the hook 1038. As described 
later, as the bearing roller 1040 slides along the slanted 
surface 1030, the hook 1038 is tilted by the action of the 
spring 1044. 

[225] As described above, the first conveyance carriage 

200 (see FIG. 16) has the main body 1056 made up of the under 
plate 1052 and the upper plate 1054 that are joined to the 
base plate 210. The base plate 210 has the main portion 1058, 
and the lower horizontal portion 1060 and the upper horizontal 
portion 1062 which are bent substantially perpendicularly from 
the main portion 1058. 

[226] As shown in FIG. 16, an engaging member 1074 having 

a substantially L-shaped cross section has a horizontal 
engaging finger 1082 extending toward the projecting upper end 
of the hook 1038 and a wall 1084 extending vertically from the 
horizontal engaging finger 1082. The engaging member 1074 is 
fixed to the lower tongue 1064 of the under plate 1052 by a 
bolt (not shown) extending through the lower tongue 1064 and 
threaded into the wall 1084. A first pocket 1076a and a 
second pocket 1076b are formed by four sharp-angled plates 
having sharp lower ends, the sharp-angled plates being 
obliquely mounted on the lower tongue 1064. 
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[227] First rods 1086 extend through the horizontal 

portion 1066 of the under plate 1052. The first rods 1086 
have upper ends extending through the bottom portion 1070 of 
the upper plate 1054. The first rods 1086 have larger- 
diameter portions 1088 on their shanks and recesses 1090 
defined in the portions of the shanks below the larger- 
diameter portions 1088. 

[228] The portions of the shanks above the larger- 

diameter portions 1088 are surrounded by springs 1092. The 
springs 1092 are held between the larger-diameter portion 1088 
and the lower end face of the bottom portion 1070, and 
normally bias the larger-diameter portions 1088 in a direction 
away from the bottom portion 1070. Therefore, the first rods 
1086 are normally pressed downwardly in FIGS. 16, 26, and 27. 

[229] A first clamp mechanism 1078a has a base plate 1094 

coupled to the horizontal portion 1066 of the under plate 
1052. Two clamps 1096a, 1096b are angularly movably supported 
on the base plate 1094. An arm 1098 has an end coupled to the 
outer clamp 10 96a and an opposite spherical end housed in the 
recess 1090 in each of the first rods 1086. The clamps 1096a, 
1096b are claw-shaped. 

[230] The clamps 1096a, 1096b have respective proximal 

ends having toothed portions (not shown) held in mesh with 
each other. When one of the toothed portions is turned 
clockwise, the other toothed portion is turned 
counterclockwise . 

[231] A second rod 1100 extends substantially centrally 

from the horizontal portion 1066 of the under plate 1052 to 
the bottom portion 1070 of the upper plate 1054. The second 
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rod 1100 has a larger-diameter portion 1102 on its shank, and 
the larger-diameter portion 1102 has a recess 1104 defined 
therein. 

[232] The first rods 1086 and the second rod 1100 have 

respective lower ends positioned above the larger-diameter 
portion 1028 on the upper end of the rod 1026. 

[233] A first holding mechanism 1080a has an outer 

movable plate 1106 and an inner movable plate 1108. Presser 
rods 1114, 1116 are fixed respectively to the outer movable 
plate 1106 and the inner movable plate 1108 by respective 
bolts 1110, 1112. As shown in FIG. 28, the presser rods 1114, 
1116 have respective teeth 1117a, 1117b that are held in mesh 
with a pinion 1118. The presser rods 1114, 1116 are 
operatively coupled to each other by a rack-and-pinion 
mechanism 1119 and operate in an interlinked fashion due to 
the rack-and-pinion mechanism 1119, causing the outer movable 
plate 1106 and the inner movable plate 1108 to move toward or 
away from each other. 

[234] The outer movable plate 1106 and the inner movable 

plate 1108 have through holes 1120, 1122 defined respectively 
therein (see FIG. 26) . When the outer movable plate 1106 and 
the inner movable plate 1108 .are positioned most closely to 
each other, the presser rod 1114 projects from the through 
hole 1122 in the inner movable plate 1108, and the presser rod 
1116 projects from the through hole 1120 in the outer movable 
plate 1106. 

[235] The inner movable plate 1108 has a recess 1124 

defined therein. Second end positioning members 1126 for 
abutting against and positioning the second end 5 of the 
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connecting rod 1 are mounted on the front vertical end portion 
1073 of the upper plate 1054 of the main body 1056. 
[236] A second clamp mechanism 1078b is identical in 

structure to the first clamp mechanism 1078a. A second 
holding mechanism 1080b is identical in structure to the first 
holding mechanism 1080a. Those parts of the second clamp 
mechanism 1078b which are identical to those of the first 
clamp mechanism 1078a are denoted by identical reference 
characters, and will not be described in detail below. 
[237] The recess 1104 in the second rod 1100 houses 

therein ends of a first L-shaped arm 1128a and a second L- 
shaped arm 1128b. The first L-shaped arm 1128a and the second 
L-shaped arm 1128b have respective bent corners angularly 
movably supported by respective pins 1129a, 1129b. Therefore, 
the first L-shaped arm 1128a and the second L-shaped arm 1128b 
are angularly movable about their bent corners. 
[238] The other end of the first L-shaped arm 1128a is 

held against the inner end of the presser rod 1114 of the 
first holding mechanism 1080a, and the other end of the second 
L-shaped arm 1128b is held against the inner end of the 
presser rod 1114 of the second holding mechanism 1080b. 
[239] As shown in FIGS. 26 and 27, guide bars 1130a that 

are fixed to the respective inner movable plates 1108, 1108 by 
pins (not shown) extend through the outer movable plates 1106, 
1106. Covers 1132, 1132 are fitted over the heads of the pins 
that project from the inner movable plates 1108, 1108. The 
covers 1132, 1132 are housed in a spring 1134. The ends of 
the spring 1134 are held against the respective inner movable 
plates 1108, 1108. Guide bars 1130b that are fixed to the 
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respective outer movable plates 1106, 1106 by pins 1137 (see 
FIG. 26) extend through the inner movable plates 1108, 1108. 
[240] The stopping mechanism 2010 for stopping the joint 

conveyance carriage assembly 12 in the station 26 will be 
described below with reference to FIGS. 32 through 37. 
[241] As shown in FIGS. 32 through 34, the stopping 

mechanism 2010 has, in addition to the upper rollers 232 on 
the joint conveyance carriage assembly 12, first and second 
arms 2100, 2102, a spring 2104 as a resilient member, an air 
cylinder 2106 as a displacing mechanism, and a second lock 
mechanism 2108. The first and second arms 2100, 2102 are 
spaced a predetermined distance from each other to define an 
entry path 2110 between the first and second arms 2100, 2102 
for the upper rollers 232 to enter. The stopper 238 on the 
first conveyance carriage 200 serves as the second lock 
mechanism 2108. The second lock mechanism 2108 is different 
in structure from the first lock mechanism 1036 (see FIG. 30) . 
[242] The structural details of the stopping mechanism 

2010 on the return path will be described below. For the sake 
of convenience, the rails 2 8 on the forward and return paths 
will be referred to as a rail 28a and a rail 28b, 
respectively. 

[243] The first arm 2100 and the second arm 2102 are 

mounted on horizontal portions of a first support plate 2112 
and a second support plate 2114 which are coupled to the 
forward-path rail 28a and the return-path rail 28b. The 
support plates 2112, 2114 are disposed on an intermediate 
plate 2116 extending from the forward-path rail 28a to the 
return-path rail 28b. 
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[244] Specifically, the first arm 2100 and the second arm 

2102 have ends supported on the horizontal portion of the 
first support plate 2112 by respective bolts 2118a, 2118b (see 
FIG. 34) . The horizontal portion of the second support plate 
2114 has oblong holes 2119a, 2119b defined therein, and bolts 
2120a, 2120b that extend respectively through the oblong holes 
2119a, 2119b are threaded into respective shanks of the first 
arm 2100 and the second arm 2102. 

[245] As shown in FIG. 35, the shank of the first arm 

2100 has a recess 2122 defined in a surface thereof facing the 
second arm 2102, and, similarly, the shank of the second arm 
2102 has a recess 2124 defined in a surface thereof facing the 
first arm 2101. The first arm 2100 and the second arm 2102 
have respective distal ends spaced from each other by a 
distance which is smaller than the diameter of the upper 
rollers 232 . 

[246] With the first arm 2100 and the second arm 2102 

being thus arranged, the entry path 2110 includes a narrower 
portion 2126 where the upper rollers 232 start entering the 
entry path 2110 and a wider portion 2128 that is wider than 
the narrower portion 2126, and the distal ends of the first 
arm 2100 and the second arm 2102 have supports 2130 for 
supporting the upper rollers 232. The distal end of the first 
arm 2100 has a tongue 2132 directed away from the second arm 
2102 . 

[247] When the first arm 2100 and the second arm 2102 are 

positioned mostly closely to each other, the width of the 
narrower portion 2126 is progressively smaller in the 
direction of travel of the upper rollers 232. The width of 
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the narrower portion 212 6 is smaller than the diameter of the 
upper rollers 232 at a substantially central region of the 
narrower portion 2126. The width of the wider portion 2128 is 
substantially the same as the diameter of the upper rollers 
232 . 

[248] A first stopper columnar member 2134 and a second 

stopper columnar member 2136 are joined to respective regions 
of the shanks of the first arm 2100 and the second arm 2102 
which are positioned between the first support plate 2112 and 
the second support plate 2114. The first stopper columnar 
member 2134 has a bolt hole defined therein with a stopper 
bolt 2138 threaded therein. 

[24 9] The opposite ends of the spring 2104 are engaged by 

the respective bolts 2120a, 2120b. The first arm 2100 and the 
second arm 2102 are normally biased in the direction in which 
the spring 2104 is contracted, i.e., normally biased to torn 
toward each other about the bolts 2118a, 2118b. The distance 
by which the first stopper columnar member 2134 and the second 
stopper columnar member 2136, i.e., the width of the entry 
path 2110, is maintained by the stopper bolt 213 8 whose head 
has its tip end face held against the second stopper columnar 
member 213 6 . 

[250] The air cylinder 2106 has a cylinder tube 2140 

positioned on and fixed to the tongue 2132 by a bolt 2141. 
The air cylinder 2106 has a piston rod 2142 having a distal 
end held against a side surface of a piston rod bearing member 
2144 that is positioned on and fixed to the distal end of the 
second arm 2102 by a bolt 2143. 

[251] The second lock mechanism 2108 has, in addition to 



64 



the stopper 23 8 (see FIG. 34) on the joint conveyance carriage 
assembly 12, a cylinder 2150 (see FIG. 34) mounted on the rail 
28a (see FIG. 32), a hook 2152, and a hook support member 2154 
supporting the hook 2152. The cylinder 2150 has a piston rod 
2156 connected to a columnar member 2158 in the form of a 
quadrangular prism having a groove 2160 defined in the distal 
end thereof. The columnar member 2158 also has an oblong hole 
2162 defined therein which communicates with the groove 2160. 
[252] The hook 2152 that is inserted in the groove 2160 

has an end coupled to the columnar member 2158 by a shaft 2164 
inserted in the oblong hole 2162. The hook 2152 has a shank 
inserted- in a groove 2166 that is defined in a longitudinal 
wall of the hook support member 2154, and coupled to the hook 
support member 2154 by a joint shaft 2168. 

[253] The hook 2152 is tilted as the piston rod 2156 is 

projected or retracted, and is engaged by the stopper 238 on 
the first conveyance carriage 200. 

[254] Operation of the various parts of the conveyance 

system 10 thus constructed will be described below. First, a 
process in which the joint conveyance carriage assembly 12 is 
transferred from the horizontal conveyance unit 16a to the 
horizontal conveyance unit 16b will be described below with 
reference to FIG. 24. 

[255] The motor 32 of the horizontal conveyance unit 16 

and the motor 164 of the gradient conveyance unit 18 are 
energized to rotate at a predetermined speed, circulatively 
driving the annular chain 30. As viewed from the central line 
C (see FIG. 2), the annular chain 3 0 and the annular chain 162 
are circulatively driven clockwise. 



65 



[256] When the joint conveyance carriage assembly 12 is 

present in the horizontal conveyance unit 16a, the lower 
surfaces of the chain presser plates 242 of the first through 
third conveyance carriages 2 00, 202, 2 04 of the joint 
conveyance carriage assembly 12 press the chain rollers 3 0a 
under the resiliency of the springs 244 (see FIG. 16) . As the 
chain rollers 30a of the annular chain 30 roll on the upper 
surface of the horizontal upper guide 40, the chain presser 
plates 242 move horizontally on the principles of a roller. 
As a result, the first through third conveyance carriages 200, 
202, 204 are conveyed in the direction indicated by the arrow 
B, pulling the fourth conveyance carriage 206 coupled to the 
third conveyance carriage 204 through the joint bar 208. 
[257] At this time, since the chain presser plates 242 

are sufficiently longer than the pitch of the annular chain 
30, i.e., the distance between adjacent ones of the chain 
rollers 30a, the lower surfaces of the chain presser plates 
242 are held against a plurality of chain rollers 30a at all 
times, and do not liable to produce vibrations in synchronism 
with the chain rollers 30a. Because the leading ends in the 
conveyance direction of the lower surfaces of the chain 
presser plates 242 are arcuate, the chain rollers 30a are 
smoothly introduced into the gap between the chain presser 
plates 242 and the horizontal upper guide 40. 
[2 58] Then, the leading end of the joint conveyance 

carriage assembly 12, i.e., the first conveyance carriage 200, 
is conveyed to the end of the horizontal conveyance unit 16a 
where the first conveyance carriage 200 is released from the 
annular chain 30. At this time, since the chain presser 
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plates 242 of the second conveyance carriage 202 and the third 
conveyance carriage 2 04 are held in contact with the annular 
chain 30, the joint conveyance carriage assembly 12 is 
continuously conveyed. 

[259] The first conveyance carriage 200 continues to be 

conveyed along the rails 28, and is transferred from the 
horizontal conveyance unit 16a to the horizontal conveyance 
unit 16b. At this time, as the junction between the rails 28 
of the horizontal conveyance units 16a, 16b has a continuous 
upper surface free of steps and gaps, the first conveyance 
carriage 2 00 can smoothly pass over the joint, and the speed 
of the joint conveyance carriage assembly 12 does not drop. 
[260] Then, the second conveyance carriage 202 is 

transferred from the horizontal conveyance unit 16a to the 
horizontal conveyance unit 16b. At this time, the final 
fourth conveyance carriage 2 06 which has the chain presser 
plate 242 reaches the end of the horizontal conveyance unit 
16a, and is released from the annular chain 30. Though no 
force is supplied from the horizontal conveyance unit 16a to 
the third conveyance carriage 206, since the chain presser 
plates 242 of the first conveyance carriage 200 and the second 
conveyance carriage 2 02 are held in contact with the annular 
chain 30 of the horizontal conveyance unit 16b, the joint 
conveyance carriage assembly 12 is continuously conveyed. 
[261] Thereafter, the third conveyance carriage 204 and 

the fourth conveyance carriage 206 are transferred to the 
horizontal conveyance unit 16b, whereupon the joint conveyance 
carriage assembly 12 is conveyed on the horizontal conveyance 
unit 16b. 
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[262] The process of conveying the joint conveyance 

carriage assembly 12 in the direction indicated by the arrow B 
has been described above. The joint conveyance carriage 
assembly 12 is similarly conveyed in the direction indicated 
by the arrow A (see FIG. 2) . Specifically, if the joint 
conveyance carriage assembly 12 is directed inversely and the 
annul ar chain 30 is rotated inversely in FIG. 24, then it can 
be understood that the joint conveyance carriage assembly 12 
is conveyed smoothly in the direction indicated by the arrow 
A, as when it is conveyed in the direction indicated by the 
arrow B . 

[2 63] When the joint conveyance carriage assembly 12 is 

transferred from the horizontal conveyance unit 16a to the 
horizontal conveyance unit 16b, no workpieces need to be 
mounted on and removed from. 

[264] A process in which the joint conveyance carriage 

assembly 12 passes through the gradient conveyance unit 18 
disposed between the two horizontal conveyance units 16 will 
be described below with reference to FIG. 3. 
[265] When the leading end of the joint conveyance 

carriage assembly 12, i.e., the first conveyance carriage 200, 
approaches the gradient conveyance unit 18, the roller 270 of 
the fourth conveyance carriage 206 abuts against the slanted 
surface 56a as the lower surface on the end of the cam plate 
56. As the joint conveyance carriage assembly 12 is conveyed, 
the roller 270 is pressed downwardly along the slanted surface 
56a, and reaches the parallel surface 56b where the roller 270 
remains pressed downwardly by a constant depth (see FIG. 12) . 
[266] When the roller 270 is subjected to the pressing 
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force from the cam plate 56, the roller 270 compresses the 
spring 262 of the drive power transmitter 256 (see FIG. 13), 
angularly moving and lowering the swing plate 260 about the 
front shaft 220. 

[267] When the swing plate 260 is lowered, the small 

frame 266 is also lowered to bring the lateral- tooth sprocket 
266d on the lower surface of the small frame 266 into mesh 
with the annular chain 30. 

[268] At this time, the teeth of the lateral -tooth 

sprocket 2 66d and the teeth of the annular chain 3 0 may not 
necessarily be in phase with each other. If the teeth of the 
lateral-tooth sprocket 266d and the teeth of the annular chain 
3 0 are out of phase with each other, then since the lateral - 
tooth sprocket 266d approaches the annular chain 3 0 
substantially perpendicularly thereto, the crests of the teeth 
of the lateral-tooth sprocket 266d ride on the corresponding 
chain rollers 30a of the annular chain 30. Since the springs 
268 are compressed, the teeth of the lateral- tooth sprocket 
266d do not unduly press the chain rollers 3 0a, and hence the 
lateral-tooth sprocket 266d, the chain rollers 30a, and the 
cam plate 56 are prevented from being damaged. 

[269] Initially when the small frame 266 is lowered, if 

the teeth of the lateral- tooth sprocket 266d and the teeth of 
the annular chain 3 0 are out of phase with each other and the 
teeth of the lateral- tooth sprocket 266d ride on the 
corresponding chain rollers 3 0a of the annular chain 30, then 
as the joint conveyance carriage assembly 12 is subsequently 
conveyed, the teeth of the lateral- tooth sprocket 266d and the 
teeth of the annular chain 3 0 are naturally brought into phase 



69 



with each other, and the lateral-tooth sprocket 266d are 
brought into mesh with the annular chain 30. 

[270] Then, the first conveyance carriage 200 moves 

across the drive sprocket 36, and the chain presser plate 242 
of the first conveyance carriage 200 is released from the 
annular chain 30. The first conveyance carriage 200 receives 
no drive power, and is pushed out by the second conveyance 
carriage 202 through the joint bar 208 so as to be 
continuously conveyed. Thereafter, the second conveyance 
carriage 2 02 and the third conveyance carriage 2 04 are 
successively released from the annular chain 30, and are 
pushed out by the fourth conveyance carriage 2 06. 

[271] At this time, since the lateral-tooth sprocket 266d 

of the fourth conveyance carriage 2 06 stays in mesh with the 
annular chain 30, the fourth conveyance carriage 2 06 receives 
the drive power from the annular chain 30 and is conveyed, 
pushing out the first through third conveyance carriages 200, 
202, 204. 

[272] The first through third conveyance carriages 200, 

202, 204 start being lifted along the gradient inlet sections 
16 0a. At this time, though the joint conveyance carriage 
assembly 12 moves against gravity, the joint conveyance 
carriage assembly 12 can reliably travel up the gradient inlet 
sections 160a because the lateral-tooth sprocket 266d of the 
fourth conveyance carriage 2 06 is held in mesh with the 
annular chain 30. Furthermore, inasmuch as the first through 
fourth conveyance carriages 200, 202, 204, 206 are 
interconnected by the vertically swingable joints 230, the 
joint conveyance carriage assembly 12 is smoothly conveyed 
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along the gradient inlet sections 160a. 

[273] The first conveyance carriage 200 is transferred 

from the gradient inlet sections 160a to the constant gradient 
sections 160c. At this time, since the push-out portion 172a 
(see FIG. 3) of the driven sprocket 172 is positioned slightly 
below than the upper surfaces of the rails 160, the lateral- 
tooth sprocket 246 of the first conveyance carriage 200 
obliquely approaches and meshes with the annular chain 162. 
As the lateral-tooth sprocket 246 obliquely approaches the 
annular chain 162, they are automatically brought into mesh 
with each other. Consequently, the lateral-tooth sprocket 246 
and the annular chain 162 reliably mesh with each other. 
[274] As shown in FIG. 3, when the lateral -tooth sprocket 

246 and the annular chain 162 reliably mesh with each other 
(or shortly after they mesh with each other) , the roller 270 
of the fourth conveyance carriage 2 06 moves across the end of 
the cam plate 56, and is released from the cam plate 56. The 
roller 270, the swing plate 260, and the small frame 266 are 
released from the pressing force from the cam plate 56 and 
return upwardly under the resiliency of the spring 262. The 
lateral-tooth sprocket 266d is now released from the annular 
chain 30. 

[275] After the lateral-tooth sprocket 266d is released 

from the annular chain 30, the lateral- tooth sprocket 266d is 
lifted by the annular chain 162. Therefore, the second 
through fourth conveyance carriages 202, 204, 2 06 are pulled 
by the first conveyance carriage 200. 

[2 76] At this time, because the joint conveyance carriage 

assembly 12 is reliably supported on the rails 160 by the 
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upper rollers 216 and the lower rollers 218, the joint 
conveyance carriage assembly 12 can be conveyed even if the 
constant gradient sections 160c are sharply inclined. If the 
lateral-tooth sprockets 246, the annular chain 162, and the 
joint bars 208, etc. are sufficiently strong and the motor 164 
produces sufficient drive power, then the constant gradient 
sections 160c may be directed at a right angle to the 
hor i zontal plane . 

[277] Thereafter, the joint conveyance carriage assembly 

12 passes through the constant gradient sections 160c having 
an upward grade and the central sections 16 0b, and enters the 
constant gradient sections 160d having a downward grade. In 
the constant gradient sections 160d having a downward grade, 
as the lateral-tooth sprockets 246 is held in mesh with the 
annular chain 162, the joint conveyance carriage assembly 12 
is prevented from sliding down by gravity. 

[278] Then, before the first conveyance carriage 200 

reaches the junction between the constant gradient sections 
160d having a downward grade and the gradient inlet sections 
160e, i.e., reaches the end of the gradient upper guide 174, 
the roller 270 of the fourth conveyance carriage 206 abuts 
against the end of the cam plate 180, i.e., the slanted 
surface 180a thereof. 

[279] As the joint conveyance carriage assembly 12 

travels along, the roller 270 is lowered by the slanted 
surface 180a and the parallel surface 180b of the cam plate 
180. At this time, the roller 270 moves in the same manner as 
it is lowered by the cam plate 56. When the roller 270 is 
lowered, the lateral-tooth sprocket 266c is brought into mesh 
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with the annular chain 162. If the lateral- tooth sprocket 
2 66c and the annular chain 162 are out of phase with each 
other at this time, the springs 268 are compressed, the teeth 
of the lateral -tooth sprocket 266c do not unduly press the 
chain rollers 162a (see FIG. 5) , and hence the lateral- tooth 
sprocket 266c, the chain rollers 162a, and the cam plate 180 
are prevented from being damaged. As the joint conveyance 
carriage assembly 12 is conveyed, the lateral-tooth sprocket 
266c and the annular chain 162 are naturally brought into 
phase with each other and into mesh with each other. 
[280] Then, the first conveyance carriage 200 passes 

across the drive sprocket 170 and enters the gradient inlet 
sections 160e having a downward grade. At this time, the 
lateral-tooth sprocket 246 of the first conveyance carriage 
200 is released from the annular chain 162. Since the 
lateral- tooth sprocket 266c of the fourth conveyance carriage 
204 is held in mesh with the annular chain 162, the joint 
conveyance carriage assembly 12 is prevented from sliding 
down. 

[281] The gear speed reducer (not shown) of the motor 164 

may incorporate a one-way clutch for preventing the joint 
conveyance carriage assembly 12 from sliding down in the event 
of an accidental power failure or the like. 

[282] As shown in FIG. 4, the joint conveyance carriage 

assembly 12 moves through the gradient conveyance unit 18 and 
enters the horizontal conveyance unit 16 that is disposed 
beyond and connected to the gradient conveyance unit 18. In 
the horizontal conveyance unit 16, the first conveyance 
carriage 2 00 moves over the horizontal upper guide 40, and the 
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chain rollers 30a (see FIG. 5) of the annular chain 30 is 
sandwiched between the horizontal upper guide 40 and the chain 
presser plate 242 of the first conveyance carriage 200. Since 
the chain presser plate 242 has a lower surface having an 
arcuate front side, the annular chain 3 0 is smoothly 
introduced beneath the chain presser plate 242. Thereafter, 
the first conveyance carriage 200 is conveyed under the force 
applied by the annular chain 30. Then, the chain presser 
plate 242 of the second conveyance carriage 202 also reaches 
the horizontal upper guide 40, and the second conveyance 
carriage 202 is subjected to the conveyance force from the 
annular chain 30. 

[283] Then, the roller 270 of the fourth conveyance 

carriage 206 passes across the end of the cam plate 180, and 
is released from the cam plate 180. The roller 270, the swing 
plate 260, the small frame 266 are now released from the 
pressing force applied from the cam plate 18 0, and return 
upwardly under the resiliency of the spring 262 (see FIG. 11) . 
The lateral- tooth sprocket 266c is now released from the 
annular chain 162. Though the fourth conveyance carriage 206 
tends to slide down by gravity, since at least the chain 
presser plate 242 of the first conveyance carriage 200 presses 
the annular chain 30, the joint conveyance carriage assembly 
12 is supported by the fictional force. Therefore, the joint 
conveyance carriage assembly 12 is not unnecessarily 
accelerated . 

[2 84] Therefore, the joint conveyance carriage assembly 

12, i.e., all the conveyance carriages including the fourth 
conveyance carriage 206, enters the horizontal conveyance unit 
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16, and is continuously conveyed by the force received from 
the chain presser plates 242 of the first through third 
conveyance carriages 200 , 202 , 204 . 

[285] In the conveyance system 10 according to the 

embodiment of the present invention, as described above, the 
joint conveyance carriage assembly 12 can continuously pass 
between the horizontal conveyance unit 16 and the gradient 
conveyance unit 18 by holding the lateral -tooth sprocket 246 
of the first conveyance carriage 200 in mesh with the annular 
chain 162 supported on the gradient upper guide 174. No 
workpiece needs to be mounted and removed between the 
horizontal conveyance unit 16 and the gradient conveyance unit 
18. By conveying the joint conveyance carriage assembly 12 
with the lateral- tooth sprocket 266d of the fourth conveyance 
carriage 206 in mesh with the annular chain 30, the front 
portion of the joint conveyance carriage assembly 12 can 
reliably be pushed onto the upgrade region of the gradient 
conveyance unit 18. 

[286] In the downgrade region of the gradient conveyance 

unit 18, even after the lateral-tooth sprocket 246 is released 
from the annular chain 162, since the lateral- tooth sprocket 
266c of the fourth conveyance carriage 206 is held in mesh 
with the annular chain 162, the joint conveyance carriage 
assembly 12 is prevented from sliding down. 

[287] In the above embodiment, the rails 160 of the 

gradient conveyance unit 18 are of an upwardly convex arcuate 
shape. However, the rails 160 of the gradient conveyance unit 
18 are not limited to such a shape, but may include a 
horizontal zone in its central sections. The gradient 
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conveyance unit 18 may be of a shape having only an upward 
grade or a downward grade or a shape having a combination of 
an upward grade or a downward grade and a horizontal portion. 
[288] In the conveyance system 10 according to the 

embodiment of the present invention, as described above, when 
the third conveyance carriage 2 04 reaches the terminal end of 
the moving range of the annular chain 3 0 in the horizontal 
conveyance unit 16a, the joint conveyance carriage assembly 12 
is continuously conveyed because at least the chain presser 
plate 242 of the first conveyance carriage 200 has been 
transferred to the adjacent horizontal conveyance unit 16b. 
[289] When the joint conveyance carriage assembly 12 is 

transferred from the horizontal conveyance unit 16 to the 
gradient conveyance unit 18, the joint conveyance carriage 
assembly 12 is pushed by the lateral-tooth sprocket 266d of 
the fourth conveyance carriage 206 which is in mesh with the 
annular chain 30, and is continuously conveyed by the lateral - 
tooth sprocket 246 of the first conveyance carriage 200 which 
is in mesh with the annular chain 162. 

[2 90] Furthermore, when the joint conveyance carriage 

assembly 12 is transferred from the gradient conveyance unit 
18 to the horizontal conveyance unit 16, the joint conveyance 
carriage assembly 12 is preventing from sliding down by the 
lateral - tooth sprocket 2 66c of the fourth conveyance carriage 
206 which is in mesh with the annular chain 162, and is 
continuously conveyed by the chain presser plate 242 of the 
first conveyance carriage 200 which is held against the 
annular chain 30. 

[291] Inasmuch as the upper rollers 216 and the lower 



76 



rollers 218 rotate along the end faces of the rails 28 and the 
rails 160, the joint conveyance carriage assembly 12 is 
conveyed stably and continuously. 

[2 92] Moreover, because the horizontal conveyance units 

16 and the gradient conveyance unit 18 are separable from each 
other, the number of horizontal conveyance units 16 and 
gradient conveyance units 18 may be increased or reduced 
depending on the layout of machine tools used, thereby 
adjusting the conveyance distance. As the horizontal 
conveyance units 16, the gradient conveyance unit 18, and the 
direction reversing units 2 0 are separable from and 
connectable to each other, they can conveniently be assembled 
and managed, and they can easily be replaced in the event of 
failures . 

[2 93] In a factory that manufactures those units, the 

units can be managed for assembling and quality control. 
Since the units are shipped after they have been tested for 
operability, it is possible to install units at a site within 
a reduced period of time. 

[294] Horizontal conveyance units 16 can be connected to 

and separated from each other simply by using the joint plate 
120, the support posts 22, and the bolts 61. It is not 
necessary to separate and machine the motors, the horizontal 
conveyance annular chains, etc. The horizontal conveyance 
units 16, the gradient conveyance unit 18, and the direction 
reversing units 2 0 can also be connected to and separated from 
each other in the same manner. The horizontal conveyance 
units 16 should preferably have a length of about 2 m. 

[295] Each of the horizontal conveyance units 16 has two 
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rails 28 (rails 28a, 28b) parallel to each other and two 
annular chains 30, 33 corresponding to the respective rails 
28, and the two annular chains 30, 3 3 rotate in the opposite 
directions, respectively, for conveying the joint conveyance 
carriage assembly 12 in forward and reverse directions. 
[2 96] \ Generally, after having conveyed a workpiece in the 

forward direction (the direction of the forward path) , the 
joint conveyance carriage assembly 12 often returns in the 
reverse direction (the direction of the return path) . The 
horizontal conveyance unit 16 is a space saver because the 
single 1 horizontal conveyance unit 16 can convey a workpiece in 
both the forward and reverse directions. The gradient 
conveyance unit 18 can also convey a workpiece in both the 
forward and reverse directions. 

[297] The rails 28, 160 are in the form of plates that 

are elongate in the conveyance direction. The joint 

i 

conveyance carriage assembly 12 moves laterally of the rails 
28, 160 ,and carries a workpiece on a side opposite to the 
rails 28, 160. Therefore, it is possible to mount a workpiece 
on and remove a workpiece from the joint conveyance carriage 
assembly* 12 at its side in the station 26 or the like. 
[298] In the above example, the motors 32 in a plurality 

of horizontal conveyance units 16 rotate at the same speed. 
However, these motors 32 may rotate at different speeds. In 
this case, the chain presser plates 242 of the joint 
conveyance carriage assembly 12 and the chain rollers 30a can 
pass over 1 junctions between the horizontal conveyance units 16 
while somewhat slipping against each other. 

[299] , Because the gradient conveyance unit 18 is of an 

\ 
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upwardly convex shape, a space is provided centrally below the 
gradient conveyance unit 18 to allow people, forklifts, or the 
like to pass therethrough. 

[3 00] Operation for circulatingly rotating the annular 

chains 30, 33 with the motor 32 will be described below with 
reference to FIGS. 5 and 7. 

[3 01] The motor 32 of the horizontal conveyance unit 16 

rotates at a predetermined speed, and the drive power thereof 
is transmitted through the coupling 96 and the extension shaft 
92 (see FIG. 6) to the drive bevel gear 94. The drive bevel 
gear 94 rotates clockwise as viewed from above. The first 
driven bevel gear 72 and the second driven bevel gear 74 are 
held in mesh with the drive bevel gear 94, and are driven by 
the rotation transmitted from the drive bevel gear 94 . The 
first driven bevel gear 72 has its upper portion pushed out in 
the direction indicated by the arrow B in FIG. 5, and the 
second driven bevel gear 74 has its upper portion pushed out 
in the. direction indicated by the arrow A in FIG. 5. As a 
result, the first driven bevel gear 72 rotates clockwise in 
FIG. 7, and the second driven bevel gear 74 rotates 
counterclockwise in FIG. 7. 

[302] The first driven bevel gear 72 rotates about the 

first rotational shaft 68, and the first drive sprocket 36 
fixed to the first rotational shaft 68 also rotates in unison 
therewith. The upper run of the annular chain 3 0 is pulled 
in, and the lower run of the annular chain 30 is pushed out. 
Therefore, the annular chain 3 0 moves over the horizontal 
upper guide 4 0 in the direction indicated by the arrow B in 
FIG. 7. 
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[3 03] The second driven bevel gear 74 rotates about the 

second rotational shaft 70, and the second drive sprocket 37 
fixed to the second rotational shaft 70 also rotates in unison 
therewith. The lower run of the annular chain 33 is pulled 
in, and the upper run of the annular chain 33 is pushed out. 
Therefore, the annular chain 33 moves over the horizontal 
upper guide 4 0 in the direction indicated by the arrow A in 
FIG. 7. 

[304] The first rotational shaft 68 has its both ends 

rotatably supported by the bearing 78 and the bearing (first 
inner bearing) 67a, and hence can rotate stably and smoothly 
and withstand large loads. Similarly, the second rotational 
shaft 70 has its both ends rotatably supported by the bearing 
79 and the bearing (second inner bearing) 67b, and hence can 
rotate stably and smoothly and withstand large loads. 

[305] Since the bearings 67a, 67b are housed in the 

bearing box 66, they can easily be handled, and can 
effectively utilize the space between the first driven bevel 
gear 72 and the second driven bevel gear 74. The bearings 78, 
79 can easily be mounted into place from outside of the rails 
28 using the fixing members 80. 

[3 06] Only the first driven bevel gear 72, the second 

driven bevel gear 74, the bearing box 66, and the drive bevel 
gear 94 are present between the first drive sprocket 36 and 
the second drive sprocket 37, making it possible to reduce the 
gap between the first drive sprocket 3 6 and the second drive 
sprocket 37. That is, the distance between the annular chain 
30 and the annular chain 33 is reduced, reducing the width of 
the horizontal conveyance unit 16. 
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[307] Because the first rotational shaft 68 and the 

second rotational shaft 70 are coaxial with each other, the 
first drive sprocket 3 6 and the second drive sprocket 3 7 are 
also coaxial with each other. The corresponding two driven 
sprockets 3 8 (see FIG. 7) are also supported on the common 
support shaft 108. Therefore, the annular chain 30 and the 
annular chain 33 provide equal conveyance distances and are 
symmetrically disposed. This layout makes it easy to 
construct the horizontal conveyance unit 16 as one unit, and 
to connect and separate the horizontal conveyance units 16. 
[308] Since the drive bevel gear 94 and the motor 32 are 

disposed on a line perpendicular to the axis of the first 

rotational shaft 68 and the second rotational shaft 70, it is J 

i 

possible to freely set the dimensions of the first rotational 
shaft 68 and the second rotational shaft 70. With this 
layout, the motor 3 2 does not project in the direction of the 
first rotational shaft 68 and the second rotational shaft 70, 
allowing the joint conveyance carriage assembly 12 to pass on 
the side of the rail 28. 

[309] As described above, the drive bevel gear 94 is 

rotated by the motor 32, and the first driven bevel gear 72 
and the second driven bevel gear 74 are rotated by the 
rotation transmitted from the drive bevel gear 94. The first 
driven bevel gear 72 and the second driven bevel gear 74 can 
be rotated in the respective opposite directions. 
Accordingly, the annular chains 30, 33 can be moved over the 
horizontal upper guide 4 0 in the respective opposite 
directions by the first drive sprocket 36 that rotates in 
unison with the first driven bevel gear 72 and the second 
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drive sprocket 37 that rotates in unison with the second 
driven bevel gear 74. As a consequence, the annular chains 
30, 3 3 can convey the joint conveyance carriage assembly 12 in 
the two directions, i.e., the forward and reverse directions. 
[310] Furthermore, since the joint conveyance carriage 

assembly 12 is conveyed laterally outside of the pair of rails 
28 or 160, there is no obstacle thereto in the vertical 
direction. Consequently, an elongate workpiece such as the 
connecting rod 1 or the like can be conveyed in an upstanding 
state without projecting in the conveyance direction or the 
transverse direction. Therefore, relatively elongate 
workpieces can be conveyed. 

[311] The drive bevel gear 94 may be positioned laterally 

or downwardly of, rather than upwardly of, the first driven 
bevel gear 72 and the second driven bevel gear 74 . Each of 
the drive bevel gear 94, the first driven bevel gear 72, and 
the second driven bevel gear 74 may comprise any bevel gear 
such as a spiral bevel gear, a helical bevel gear, or the 
like. Since the first driven bevel gear 72 and the second 
driven bevel gear 74 may be of such a structure capable of 
changing the direction of rotation of the drive bevel gear 94, 
they may comprise face gears, crown gears, or the like. 

[312] The bearings are not limited to rolling element 

bearings, but may be plain bearings. 

[313] Operation of the direction reversing unit 20 will 

be described below with reference to FIGS. 12 through 15. In 
the present embodiment, it is assumed that the joint 
conveyance carriage assembly 12 which has traveled in the 
direction indicated by the arrow A in FIGS. 2, 12, and 15 is 
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reversed byj the direction reversing unit 2 0 to travel in the 
direction indicated by the arrow B. 

[314] The forward-path chain 330 and the return-path 

chain 332 are circulatingly operated by the motor 32b and 
drive sprocket 36b. The forward-path chain 330 and the 
return-path ^chain 332 of the direction reversing unit 20 are 
thus circula|tingly operated. 

[315] Since the forward-path chain 330 is trained around 

the reversing-unit first driven sprocket 3 92 disposed in the 

direction reversing unit 20 (see FIG. 12), the reversing-unit 

\ 

first driven ^sprocket 3 92, the reversing-unit second driven 
sprocket 394,) and the rotational shaft 404 are also rotated. 
The chain 4 00 trained around the small sprocket 3 96 which is 
rotated by the rotational shaft 404 and the large sprocket 3 98 
rotates the rotational shaft 370, the first disk 374, and the 
second disk 376. Thus, the auxiliary propelling mechanism 390 
is also in operation, and the first disk 374 and the second 
disk 376 are continuously rotated at all times irrespective of 
whether the joint conveyance carriage . assembly 12 reaches the 
direction reversing unit 20 or not. 

[316] As described above, the upper rollers 216 and the 

\ 

lower rollers 218 of the joint conveyance carriage assembly 12 
hold the forward-path rail 2 8a, and the chain presser plate 
242 (see FIG. 17) presses the forward-path chain 330 that is 
circulatingly operated. Therefore, the joint conveyance 
carriage assembly 12, while being guided by the forward-path 
rail 28a, is moved in the direction indicated by the arrow A 
in FIG. 12 by th'je forward-path chain 33 0. 

[317] When the joint conveyance carriage assembly 12 

\ 

i 
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travels to the direction reversing unit 20, the chain presser 
plate 242 of the first conveyance carriage 200 is shifted from 
the chain ^33 of the horizontal conveyance unit 16 to the chain 
330 of the direction reversing unit 20. Thereafter, the joint 
conveyance carriage assembly 12 is moved by the chain 33 0 of 
the direction reversing unit 20. 

[318] In the direction reversing unit 20, the lower 

rollers 234 and the upper rollers 232 of the first conveyance 
carriage 200 of the joint conveyance carriage assembly 12 
enter between the first guide members 412, 412 and the second 
guide members 414, 414. As the joint conveyance carriage 
assembly 12 travels on, the lower rollers 234 and the upper 
rollers 232 1 of the first conveyance carriage 200 are held by 
the curved portions of the first guide members 412, 412 and 
the first disk 374 or the second disk 376. 

[319] The lower rollers 234 and the upper rollers 232 are 

moved as they are accompanied by the first disk 3 74 or the 
second disk 376, as shown in FIGS. 13 and 15, by frictional 
forces developed between them and the O-rings 378. Finally, 
the lower rollers 234 and the upper rollers 232 of the first 
conveyance carriage 200 enter between the first guide members 
412, 412 and the third guide members 416, 416 (see FIG. 15) . 

[320] As'* the chain pressure plate 242 of the fourth 

conveyance carriage 2 06 is released from the forward-path 
chain 330 and\ the upper rollers 216 and the lower rollers 218 
of the fourth^ conveyance carriage 206 are released from the 
rail 28a, the / upper rollers 216 and the lower rollers 218 of 
the first conveyance carriage 2 00 are fitted over the rail 
28b. As with the first conveyance carriage 200, the second 



\ 
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through fourth conveyance carriages 202, 204, 206 are 
successively moved as they are accompanied by the first disk 
374 or the second disk 376. The first conveyance carriage 200 
is pushed by the fourth conveyance carriage 2 06 that is 
turning, and moved while being guided by the rail 2 8b. 
Finally, the upper rollers 216 and the lower rollers 218 of 
the fourth conveyance carriage 2 06 are fitted over the rail 
28b, and the chain presser plate 242 thereof presses the 
return-path chain 332, whereupon the turning movement of the 
joint conveyance carriage assembly 12 is finished. 
[321] The joint conveyance carriage assembly 12 is 

shifted from the return-path chain 332 of the direction 
reversing unit 20 to the annular chain 30 of the horizontal 
conveyance unit 16. Subsequently, the joint conveyance 
carriage assembly 12 is moved on the rail 28 in the direction 
indicated by the arrow B in FIG. 12 by the annular chain 3 0 of 
the horizontal conveyance unit 16. That is, the joint 
conveyance carriage assembly 12 is guided by the rail 28a and 
moved in the direction indicated by the arrow A in FIG. 12, 
then is turned 18 0° in direction by the direction reversing 
unit 20, and guided by the rail 28b and moved in the direction 
indicated by the arrow B. 

[322] Since the lower rollers 234 and the upper rollers 

232 are cylindrical in shape, the direction reversing unit 20 
allows the first through fourth conveyance carriages 2 00, 202, 
204, 206 to turn easily. 

[323] Furthermore, because there are two lower rollers 

234 and two upper rollers 232, the drive power for turning the 
joint conveyance carriage assembly 12 is greater than if there 
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are one lower roller 234 and one upper roller 232. If there 
are three or more lower rollers 234 and three or more upper 
rollers 232, then it is difficult for the third lower and 
upper rollers 234, 232 to enter between the first guide 
members 412 and the first and second disks 374, 376, making it 
difficult to turn the joint conveyance carriage assembly 12. 
[324] Thus, the two lower rollers 234 and the two upper 

rollers 232 allow the joint conveyance carriage assembly 12 to 
turn reliably and easily. 

[325] The direction reversing unit 20 can be operated by 

the motor 32b which circulatingly operates the forward-path 
chain 330 and the return-path chain 332. Specifically, the 
drive means for operating the direction reversing unit 20 does 
not need to be separate from the drive means for operating the 
forward-path chain 330 and the return-path chain 332. 
Accordingly, the direction reversing unit 20 may be simplified 
in structure. 

[326] When the joint conveyance carriage assembly 12 is 

released from the rail 28a and the forward-path chain 330, 
turned, or starts being moved by the rail 28b and the return- 
path chain 332, no shock is applied to the joint conveyance 
carriage assembly 12. Specifically, when the joint conveyance 
carriage assembly 12 is turned by the direction reversing unit 
20, the joint conveyance carriage assembly 12 can be 
transferred from the forward-path chain 330 to the return-path 
chain 332 without being subjected to shocks. Consequently, 
the connecting rod 1 is prevented from falling off the joint 
conveyance carriage assembly 12 and from being damaged. 

[327] Operation for mounting the connecting rod 1 as a 



86 



workpiece on and removing same from the joint conveyance 
carriage assembly 12, and conveying the connecting rod 1 with 
the joint conveyance carriage assembly 12 will be described 
below . 

[328] When the joint conveyance carriage assembly 12 is 

displaced to the station 26 where the connecting rod 1 is to 
be loaded, the joint conveyance carriage assembly 12 is 
stopped in a given position by the stopping mechanism 2010 
mentioned below. 

[329] Thereafter, the rod 1026 of the air cylinder 1024 

is lifted. At this time, since the bearing roller 1040 rolls 
in abutment against the slanted surface 103 0 of the larger- 
diameter portion 1028 on the upper end of the rod 1026, the 
bearing roller 1040 is displaced radially inwardly of the 
larger-diameter portion 1028. The hook 1038 is tilted until 
finally the projecting upper end thereof engages the 
horizontal engaging finger 1082 of the engaging member 1074. 
The joint conveyance carriage assembly 12 is now positioned. 

[330] The first rods 1086 and the second rod 1100 are 

elevated by being pushed by the larger-diameter portion 1028 
on the upper end of the rod 1026. The end of the arm 1098 
which is housed in the recess 1090 in the first rod 1086 of 
the first clamp mechanism 1078a is lifted, tilting the clamp 
1096a outwardly. Since the toothed portions of the clamps 
1096a, 1096b are held in mesh with each other, when the clamp 
1096a is tilted outwardly, the clamp 1096b is also tilted 
outwardly. As a result, as shown in FIG. 30, the clamps 
1096a, 1096b are opened. 

[331] The spring 1092 is compressed during the above 
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operation. j 

[332] The end of the first L-shaped arm 1128a which is 

housed in the rece'ss 1104 in the second rod 1100 is lifted, 
turning the first L-shaped arm 1128a about the bent corner 
thereof. Therefore, the presser rod 1114 is pressed and 
displaced by the ot:her end of the first L-shaped arm 1128a, 
and finally the outer movable plate to which the presser rod 
1114 is coupled is displaced in a direction away from the 
second rod 1100. At this time, since the teeth 1117a, 1117b 
of the presser rods 1114, 1116 are held in mesh with the 
pinion 1118, as shown in FIG. 31, the presser rod 1116 is 
displaced in the direction opposite to the direction in which 
the presser rod 1114^ is displaced, by the rack-and-pinion 
mechanism 1119. The \ inner movable plate to which the presser 
rod 1116 is now displaced toward the second rod 1100. 

[333] That is, the outer movable plate 1106 and the inner 

movable plate 1108 are displaced away from each other while 
being guided by the guide bars 1130a, 1130b. The first 
holding mechanism 1080a is thus opened (see FIG. 30) . When 
the outer movable plate 1106 and the inner movable plate 1108 
are most spaced from each other, the guide bar 113 0a is 
released from the outer movable plate 1106, and the guide bar 
1130b is released from the inner movable plate 1108. 

[334] The second clamp mechanism 1078b and the second 

holding mechanism 108 0b operate in the same manner as 
described above. The spring 1134 is therefore compressed by 
the two inner movable plates 1108, 1108. 

[335] As shown in FIG. 26, two connecting rods 1 that are 

gripped by a predetermined transfer device (e.g., a robot or 



88 



the like) are inserted respectively into the first holding 
mechanism 1080a. and the second holding mechanism 1080b from 
their front side. The smaller-diameter first end 3 of each of 
the connecting rods 1 is inserted into the first pocket 1076a 

or the second pocket 1076b. 

i 

[336] Thereafter, the rod 1026 of the air cylinder 1024 

is lowered, releasing the first rods 1086 and the second rod 
1100 from the pressure of the air cylinder 1024. The second 
rod 1100 is lowered, and the springs 1092, 1092 are extended. 
The springs 1092, 1092 press the first rods 1086, 1086, 
lowering the first rods 1086, 1086. 

[337] Since^ the arms 1098 are lowered, the intermeshing 

toothed portions tilt the clamps 1096a, 1096b of the first 
clamp mechanism 1078a inwardly. The shank 6 of the connecting 
rod 1 is now gripped by the clamps 1096a, 1096b. Since the 
clamps 1096a, 1096b are claw-shaped, they reliably grip the 
connecting rod 1 and prevent the connecting rod 1 from falling 
off. The second clamp mechanism 1078b also operates in the 
same manner. 

[338] The ends of the first L-shaped arm 1128a and the 

second L-shaped arm 1128b are lowered, turning the first L- 
shaped arm 1128a and the second L-shaped arm 1128b. 
Therefore, the presser rods 1114, 1114 are released from the 
pressure from the first L-shaped arm 1128a and the second L- 
shaped arm 1128b. When the pressure from the first L-shaped 
arm 1128a and the ^second L-shaped arm 1128b becomes smaller 
than the resilient force of the spring 1134, the spring 1134 
is extended to press the inner movable plates 1108, 1108. The 
inner movable plates 1108, 1108 are displaced toward the outer 
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movable plates 1106 , 1106, which are displaced toward the 
inner movable plates 1108, 1108 by the rack-and-pinion 
mechanism 1119. 

[339] The outer movable plates 1106, 1106 and the inner 

movable plates 1108, 1108 are now displaced toward each other 
until finally they hold the larger-diameter second ends 5 of 
the connecting rods 1 from their opposite sides. 
[340] According to the present embodiment, therefore, the 

first end 3 of each of the connecting rods 1 is inserted in 
and held by the first pocket 1076a or the second pocket 1076b, 
the shank 6 thereof is gripped by the first clamp mechanism 
1078a or the second clamp mechanism 1078b, and the second end 
5 thereof is held by the first holding mechanism 1080a or the 
second holding mechanism 1080b, so that each of the connecting 
rods 1 is carried in an upstanding state by the joint 
conveyance carriage assembly 12. Since the elongate 
connecting rods 1 are carried in an upstanding state by the 
joint conveyance carriage assembly 12, the joint conveyance 
carriage assembly 12 can be reduced in the transverse 
direction or the longitudinal direction thereof, and hence 
reduced in size. 

[341] The first clamp mechanism 1078a and the second 

clamp mechanism 1078b are opened and closed, and the first 
holding mechanism 1080a and the second holding mechanism 1080b 
are caused to hold and release the connecting rods 1, only by 
the air cylinder 1024 in the station 26. Therefore, the joint 
conveyance carriage assembly 12 does not need to incorporate 
hydraulic devices, pneumatic devices, and electric devices, so 
that the joint conveyance carriage assembly 12 and the 
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conveyance system 10 may be simplified in structure . 
[342] As the connecting rods 1 are carried by the joint 

conveyance carriage assembly 12, the connecting rods 1 are not 
subject to shocks and hence are prevented from being damaged. 
[343] Moreover, because the connecting rod 1 is supported 

by the first pocket 1076a or the second pocket 1076b, the 
- connecting rod 1 is reliably prevented from falling off the 
joint conveyance carriage assembly 12. 

[344] When the rod 1026 of the air cylinder 1024 is 

lowered, the bearing roller 1040 rolls along the slanted 
surface 103 0 of the larger-diameter portion 1028 on the upper 
end of the rod 1026, and is displaced radially outwardly of 
the larger-diameter portion 1028. At this time, the hook 1038 
is tilted by being pressed by the spring 1044. As a result, 
the projecting upper end of the hook 103 8 is disengaged from 
the horizontal engaging finger 1082 of the engaging member 
1074 (see FIG. 15) . The joint conveyance carriage assembly 12 
is now released from the first lock mechanism 1036. 

[345] Furthermore, the joint conveyance carriage assembly 

12 is released from the stopping mechanism 2010. 

[346] During this time, the motors 32, 32b, 164, 165 

remain energized without stopping. Therefore, the joint 
conveyance carriage assembly 12 released from the stopping 
mechanism 2010 starts to be displaced again while being guided 
by the rail 28, by the circulating annular chain 30. The 
connecting rods 1 are conveyed to a station 26 for performing 
a next process. 

[347] In the next station 26, the conveyed connecting 

rods 1 are gripped by the transfer device and removed from the 
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joint conveyance carriage assembly 12. At this time, since 
the connecting rods 1 are erected with the second ends 5 as 
the upper ends, the transfer device can easily grip the 
connecting rods 1. 

[348] The first ends 3 are loosely inserted in the first 

pocket 1076a and the second pocket 1076b, and the first clamp 
mechanism 1078a and the second clamp mechanism 1078b and also 
the first holding mechanism 1080a and the second holding 
mechanism 1080b grip and hold the connecting rods 1 under 
relatively small forces, i.e., the resilient forces of the 
springs 1092, 1134. Therefore, the transfer device can easily 
release the connecting rods 1 from the joint conveyance 
carriage assembly 12 . 

[349] As the connecting rods 1 are positioned by the 

first pocket 1076a and the second pocket 1076b, the transfer 
device operates in the same manner in successive cycles. Even 
if the transfer device is of a simple structure, it can 
transfer the connecting rods 1. Therefore, the transfer 
device does not need to be complex in structure, and hence 
facility investments can be reduced. 

[350] For conveying connecting rods 1 having different 

dimensions, the clamps 1096a, 1096b, the outer movable plates 
1106, 1106, and the inner movable plates 1108, 1108 are 
displaced to grip or hold the connecting rods 1 from their 
opposite ends. The joint conveyance carriage assembly 12 is 
thus able to carry connecting rods 1 having various 
dimensions. Therefore, the joint conveyance carriage assembly 
12 is not required to modify dimensions and shapes thereof 
depending on connecting rods 1 to be carried thereby. 
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[351] The connecting rods 1 that have been released from 

the joint conveyance carriage assembly 12 are tapped to form 
threads thereon or otherwise machined. Thereafter, the 
connecting rods 1 are conveyed by the joint conveyance 
carriage assembly 12 to a, station 26 for performing a next 
process, where the connecting rods 1 are machined into final 
products . 

[352] In the present embodiment, the connecting rods 1 of 

identical dimensions are illustrated as workpieces . However, 
connecting rods 1 having different dimensions may be conveyed. 
The outer movable plate 1106 and the inner movable plate 1108 
of the clamp mechanism for ^holding a workpiece of smaller 
dimensions are closed underi the pressure from the spring 1134, 

and the clamps 1096a, 1096b of the holding mechanism are 

i 

i 

closed under the pressure from the spring 1092. The outer 
movable plates 1106 and the inner movable plates 1108 of the 
first clamp mechanism 1078a land the second clamp mechanism 
1078b, and the clamps 1096a, 1096b of the first holding 
mechanism 1080a and the second holding mechanism 1080b are 
different closed positions. 

[3 53] Both the clamp mechanisms and the holding 

mechanisms do not need to be \ incorporated, but at least one of 

i 

these clamp and holding mechanisms may be incorporated. 
[354] Each of the first holding mechanism 1080a and the 

second holding mechanism 1080b is constructed of the outer 
movable plate 1106 and the inner movable plate 1108. However, 
one of these movable plates may be replaced with a fixed 
plate . 

[355] Workpieces that are conveyed are not limited to 
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connecting rods 1. 

[356] Operation to decelerate and stop the joint 

conveyance carriage assembly 12 with the stopping mechanism 
2010 when the joint conveyance carriage assembly 12 is guided 
by the rail 28b and is about to reach the station 26 will be 
described below. 

[357] In the description which follows, it is assumed 

that the joint conveyance carriage assembly 12 which has 
traveled in the direction indicated by the arrow A in FIG. 2 
is stopped by the stopping mechanism 2010 while it is being 
reversed by the direction reversing unit 2 0 to travel in the 
direction indicated by the arrow B. 

[3 58] As described above, the entry path 2110 of the 

stopping mechanism 2010 has the narrower portion 2126 and the 
wider portion 2128. When the first conveyance carriage 200 
approaches the station 26, the upper rollers 232 enter the 
narrower portion 2126. 

[359] The width of the narrower portion 2126 is 

progressively smaller in the direction of travel of the joint 
conveyance carriage assembly 12 (in the direction indicated by 
the arrow B in FIG. 2) (see FIG. 35) . Therefore, the 
circumferential side walls of the upper rollers 232 are held 
against the shanks of the first arm 2100 and the second arm 
2102. Since the joint conveyance carriage assembly 12 is 
supported by a relatively small force, the joint conveyance 
carriage assembly 12 is decelerated. 

[3 60] As shown in FIG. 36, as the joint conveyance 

carriage assembly 12 travels on, the leading upper roller 232 
spreads the narrower portion 2126. That is, the upper roller 
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232 extends the spring 2104 and the piston rod 2142 of the air 
cylinder 2106, and is allowed to pass through the narrower 
portion 2126. 

[361] At this time, the kinetic energy of the joint 

conveyance carriage assembly 12 is converted into a work for 
extending the spring 2104 and the piston rod 2142 by the 
leading upper roller 232. Therefore, the kinetic energy of 
the joint conveyance carriage assembly 12 is reduced, 
resulting in a further deceleration of the joint conveyance 
carriage assembly 12 . 

[362] Then, the trailed upper roller 232 also extends the 

spring 2104 and the piston rod 2142 of the air cylinder 2106, 
spreading the narrower portion 2126. Inasmuch as the kinetic 
energy of the joint conveyance carriage assembly 12 is further 
reduced, the speed of the joint conveyance carriage assembly 
12 is further lowered. 

[363] The upper rollers 232, 232 of the decelerated joint 

conveyance carriage assembly 12 enter the wider portion 2128. 
The leading upper roller 232 is supported by the supports 2130 
of the first arm 2100 and the second arm 2102, whereupon the 
joint conveyance carriage assembly 12 is put to a full stop. 
[364] Specifically, the two upper rollers 232, 232 spread 

the first arm 2100 and the second arm 2102 apart from each 
other, absorbing the kinetic energy of the joint conveyance 
carriage assembly 12 stepwise. Since the joint conveyance 
carriage assembly 12 is gradually decelerated and stopped, 
shocks are prevented from being produced when the joint 
conveyance carriage assembly 12 is stopped. Therefore, the 
connecting rods 1 carried by the joint conveyance carriage 
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assembly 12 are prevented from falling off or being damaged. 
[365] After the upper rollers 232 enter the entry path 

2110 until the joint conveyance carriage assembly 12 is 
stopped, the upper rollers 232 are held in rolling contact 
with the first arm 2100 and the second arm 2102 while in 
rotation. The upper rollers 232 are less subject to wear than 
if they are in the form of simple cylinders which do not 
rotate. The joint conveyance carriage assembly 12 can thus 
reliably be decelerated and stopped over a long period of 
time . 

[366] If the motors 32, 32b, 164, 165 are rotated at an 

increased speed to increase the speed of the joint conveyance 
carriage assembly 12, then the spring 2104 may be of a design 
having increased resiliency (harder) or the air cylinder 2106 
may be designed to operate the piston rod 2142 under greater 
forces for thereby reliably decelerating and stopping the 
joint conveyance carriage assembly 12 depending on its speed. 
[367] The stopping mechanism 2010 is thus capable of 

easily decelerating and stopping the joint conveyance carriage 
assembly 12. Therefore, no undue limitations are posed on the 
range in which the joint conveyance carriage assembly 12 is 
conveyed . 

[368] When the joint conveyance carriage assembly 12 is 

stopped, the first conveyance carriage 200 is positioned and 
fixed by the second lock mechanism 2108 (see FIG. 34) . 
Specifically, the cylinder 2150 is actuated to retract the 
piston rod 2156, tilting the hook 2152 about its joint as a 
pivot toward the first conveyance carriage 200. Finally, the 
hooked end of the hook 2152 abuts against the end face of the 



96 



stopper 238 of the first conveyance carriage 200, as shown in 
FIG. 37. The first conveyance carriage 200 is now supported, 
positioning and fixing the joint conveyance carriage assembly 
12 . 

[369] As described above, the first lock mechanisms 1036 

(see FIG. 33) are actuated to cause the engaging members 1074 
to engage the hooks 103 8 (see FIGS. 3 3 and 26) . The joint 
conveyance carriage assembly 12 is thus positioned more 
reliably. 

[370] Connecting rods 1 are transferred to and from the 

joint conveyance carriage assembly 12 that is stopped, 
positioned, and fixed. Specifically, as described above, the 
air cylinder 1024 in the station 26 actuates the first clamp 
mechanism 1078a, the second clamp mechanism 1078b, the first 
holding mechanism 2 062a, and the second holding mechanism 
2062b of the joint conveyance carriage assembly 12. The 
clamps 1096a, 1096b are opened, and the outer movable plates 
1106 and the inner movable plates 1108 are moved away from 
each other by the rack-and-pinion mechanisms. 

[371] The connecting rods 1 are released from the joint 

conveyance carriage assembly 12, and the predetermined 
transfer device grips the connecting rods 1 from the front 
side and transfers the connecting rods 1 to the machine, and 
returns machined connecting rods 1 to the joint conveyance 
carriage assembly 12. 

[372] Thereafter, the air cylinders 1024 are actuated to 

close the clamps 1096a, 1096b and actuate the rack-and-pinion 
mechanisms again to move the outer movable plates 1106 and the 
inner movable plates 1108 toward each other. New connecting 
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rods 1 as they are in an upstanding state are gripped by the 
first clamp mechanism 1078a, the second clamp mechanism 1078b, 
the first holding mechanism 2062a, and the second holding 
mechanism 2062b of the joint conveyance carriage assembly 12. 
The lower ends of the connecting rods 1 are supported 
respectively by the first pocket 1076a and the second pocket 
1076b. 

[373] When the above operation is finished, the piston 

rod 2156 of the cylinder 2150 (see FIG. 34) is projected to 
tilt the hook 2152 away from the first conveyance carriage 
200. The first conveyance carriage 200 is now released from 
the second lock mechanism 2108. 

[374] Then, the air cylinder 2106 is actuated to project 

the piston rod 2142 to press the piston rod bearing member 
2144. As a result, the first arm 2100 and the second arm 2102 
are moved away from each other, making the width of the entry 
path 2110 greater than the diameter of the upper rollers 232. 
The joint conveyance carriage assembly 12 is now released from 
the stopping mechanism 2 010. 

[375] During which time, the motor 32 continues to 

rotate, i.e., the annular chain 3 0 continues to operate 
circulatingly , without stopping. Therefore, the joint 
conveyance carriage assembly 12 released from the stopping 
mechanism 2010 immediately starts traveling again. 

[376] Thus, the joint conveyance carriage assembly 12 can 

be stopped without stopping the motor 32 and the annular chain 
3 0 which serve as a drive source to propel the joint 
conveyance carriage assembly 12. Consequently, since the 
joint conveyance carriage assembly 12 released from the 
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stopping mechanism 2010 can be quickly moved again, it can 
efficiently convey the connecting rods 1. 

[377] When the last fourth conveyance carriage 206 is 

released from the entry path 2110, the piston rod 2142 of the 
air cylinder 2106 is retracted. Thereafter, the first arm 
2100 and the second arm 2102 (see FIG. 35) are displaced 
toward each other about. the bolts 2118a, 2118b under the 
pressure from the spring 2104. At this time, the end face of 
the head of the stopper bolt 213 8 abuts against the second 
stopper columnar member 2136 to form the second entry path 
2110 at a predetermined interval therebetween. 

[378] The joint conveyance carriage assembly 12 which has 

started moving again in the direction indicated by the arrow B 
in FIG. 2 while being guided by the rail 28b, the joint 
conveyance carriage assembly 12 is decelerated and stopped in 
the next station 26 in the same manner as described above for 
transferring connecting rods 1. 

[379] In the above embodiment, the direction reversing 

unit 2 0 changes the direction of travel of the joint 
conveyance carriage assembly 12 through 180° . However, the 
direction reversing unit 2 0 may change the direction of travel 
of the joint conveyance carriage assembly 12 through 90°. 
According to this modification, the direction can easily be 
changed if one upper roller 232 and one lower roller 234 are 
employed. 

[380] Each of the mechanisms in the conveyance system 10 

may be constructed of inexpensive and general -purpose 
components including the motor 32, the motor 164, the first 
drive sprocket 36, the drive sprocket 170, the driven sprocket 
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38, the driven sprocket 172, the annular chain 30, and the 
annular chain 162, etc. 

[3 81] Since operative parts of the joint conveyance 

carriage assembly 12 are only passive parts to which forces 
from other parts are applied, including the upper roller 216, 
the lower roller 218, the roller 270, the spring 262, and the 
spring 268, etc., actuators such as motors, cylinders, etc., 
and pipes and wires connected to such actuators are not 
required on the joint conveyance carriage assembly 12. 

[3 82] The conveyance system according to the present 

invention is not limited to the above embodiment, but may 
employ various arrangements without departing from the scope 
of the present invention. 



